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PREFACE
Efforts to supply housing to the middle and lower income groups in
the United States have very recently spotlighted a need for research toward
the rationalization of the mechanical equipment of houses. The effort of
architects and builders during the postwar building boam to cut costs by
reducing the size of the dwelling has pointed out in a most vivid manner
that the mechanical equipment in a house represents an extremely large per-
centage of the total cost of the dwelling.
I have attempted to analyze the factors contributing to the present
status and future developments of the mechanical equipment of houses through
this study of the utilities supplies essential to the operation of the
equipment.
I am indebted to many persons for advice, information, and encourage-
ment. Many of these are cited in the text or in the annotations.
My interest in this subject was fostered originally through contact
with R. Buckminster Fuller at the Institute of Design, in Chicago, in 1949,
and the present study was prepared with the encouragement of Burnham Kelly,
Director, and Richard Hamilt on, Research Associate, of the Albert Farwell
Bemis Foundation, of the Massachusetts Institute of Technology. Many of
the staff of the School of Architecture and Planning assisted me. Special
thanks are due Prof. Kevin Lynch, and the staff of the Rotch Library.
Carl Koch was extremely generous in permitting me to interrupt the
activities of his busy staff to ask questions and to use the material from
his files. Mrs. Elspeth Rostow and Stanley Hillyer, of the Department of
WON
Econmnics and Social Science at M. I. T., also contributed to my understand-
ing of the Conantum project.
I am particularly indebted to my wife for her suggestions and interest
in this work, as well as for the transcription of my copy.
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Il\1TRODUCTION
The limits that utility supplies (which in this paper refers to the
ocambined factors of water supply, waste disposal, and energy supply and its
utilizing equipment in houses) impose on the location and quality of human
activity in the United States are constantly changing. The relative impor-
tance of the basic factors of water supply and energy supply vary with geo-
graphic location, climate, the purposes of settlement, the time of settle-
ment in relation to technological development, and the cultural background
of the settlers. In general only the development of the area of the United
States west of the 100th meridian and east of the coastal ranges of the
Pacific states has been limited by the availability of water for irrigation
and for municipal water supply. On the Pacific coast and east of the 100th
meridian there has been little or no difficulty in securing water for urban
and manufacturing needs until very recent years, when the concentration of
population and intensive industrial development of a few centers produced
water needs in excess of local sources of supply.
At the time of. the initial settlement of the country, energy was
needed for cooking and space heating and was amply provided for by the
forests. Forests were found together with plentiful water supplies.
Settlers moving westward reached the eastern edge of the prairies
frcam 1840 to 1850, after developing houses for over 200 years in the eas-
tern forests. iater and timber were resources taken for granted by pioneers
in the east. 'When faced by open grassland they hesitated to decide whether
to attempt to occupy the prairies or to move on to the timbered country of
the Pacific northwest, where they could feel at hame by using techniques
that had become tradition after two centuries of pioneering in a wooded coun-
try.2 Many did choose the long and hazardous overland trip rather than to
develop hunes on the adjacent Illinois and Iowa prairies.
Those who did settle the prairies and the plains were introduced to
these grasslands gradually. The first settlements were in the oak openings.
These were local prairies and were surrounded by trees and also had trees
scattered in the openings. Until 1850, settlement had been chiefly in oak
openings that were near the border of the prairies and forests, with the
prairies largely unoccupied. The early advances into the grassland were by
way of the river valleys, thus assuring both water and timber. Gradually
settlements spread into the prairies between the river valleys, and this pre-
sented new technological problems in farming, shelter, and utility supply.
The original settlers on the eastern coast generally found water supplies
and wood for fuel not only in excess of their needs, but also greatly in
excess of the supplies to which they were accustced in their native hane-
lands. The settlers of the plains found very different conditions.
In order that the prairies could be settled, the lack of timber for
houses,-barns, fuel, fences, furnishings, and tools had to be overcmae. On
prairie uplands away fran rivers, water was difficult to obtain. Ground
water frequently was 100 to 200 feet below the earth's surface, and timber
and rock for shoring the walls of the necessarily deep wells was often una-
vailable. The first settlers cut their fuel wherever they could find it;
-when the supply on their land was exhausted they cut it fran railway grants
and traveled to the valleys for it, sometimes hauling wood 20 to 40 miles.
1 Trewartha, Glen T., "Climate and Settlement of the Sub-Humid Lands,"
p. 172, in Climate and Man, Yearbook of Agriculture - 1941.
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Later settlers grubbed the stumps and even buffalo and cow chips were col-
lected for fuel. Settlers were eager to have a cowboy spend a night with
his herd on their land because this could provide several hundred pounds of
fuel. Probably the most universal fuel on the prairies was dried grass tied
into Iots called "cats.I 3 Homes were filled with "cats" for winter heating
and large piles of hay kept near the houses for severe storms. A hay burning
stove was invented and marketed.
Not only did the first settlers haul their fuel, but also their water
was hauled from the river valleys and stored in barrels. Sme of the settlers
incorporated cisterns and dug hollows in the development of their property to
catch and store water. However, a deep well represented the ultimate goal
of the prairie farmer, and same wells of over 200 feet in depth were dug with
pick and shovel. Gradually a new culture evolved in which the old dependence
on trees and surface water supplies was greatly reduced by the use of sod
houses, hedge fences, barbed wire, drilled wells, and windmills. Each of
these developments has been referred to individually by many authors as hav-
ing made settlement of the prairies possible more than any other factor.
In the arid region between the western margin of the great plains and
the Sierra Nevada Cascade, extending north to Canada and South to Mexico,
the dependence of settleent both on mountain streams, and favorable valley
temperatures and soils has not only restricted the number of people that
the country can support, but has rigidly determined the location of farms
and other population centers. 4 After a hundred years of settlement nearly
2lbid., p. 175.
3lbid., p. 175.
4Bailey, Reed W., "Climate and Settlement of the Arid Region," p. 193,
in Climate and Man, Yearbook of Agriculture - 1941.
5all of this region's population is concentrated where the mountain waters
meet the soil of the desert valleys. This is demonstrated by one example
in Utah. In 1940, the total density of this state was 6.2 persons per
square mile; while along the front of the Wasatch Mountains between Santa-
quin and the northern limit of Cache County, an area 2 to 10 miles deep by
160 miles long and totaling 1,000 sq. miles (1.2% of Utah's land area), the
density is 338 persons per sq. mile, or 338,000 persons out of the state's
total population of 550,310.
In many areas where the fuel and water supplies locally available
were adequate for the needs of the initial settlers, the growth of popula-
tion and industry later demanded supplies -which had to be satisfied through
import fron other areas. Ruthless exploitation of forests and water sup-
plies accelerated this change. Along the eastern seaboard where timber was
once very abundant, lumber for construction is now being received from the
Pacific coast; the use of wood for fuel is rare and usually undesirable
except for recreational purposes. Water in surface streams close to popu-
lated areas is generally polluted and unfit for human ccmsumption. Densi-
ties in towns and cities are too high to permit use of ground water by pri-
vate wells and many houses are located where wells can not be obtained.
In large camunities public water and sewage systems seem to be
indispensable. In small towns water can frequently be obtained from wells
or cisterns and wastes disposed of by means of privies, septic tanks, feed-
ing garbage to hogs on nearby farms, and burning of refuse. However, the
more thickly populated the community, the greater the difficulty of preven-
ting pollution of private water supplies and of disposing of waste without
danger to health. Wiere individual systems are in use, the standards of use
are low and the incidence of filth disease remains high. 5
The urban dweller, served by a municipal water supply system and tak-
ing modern inside plumbing facilities for granted, has increased his health
and convenience through the liberal use of water. The quantity of water
needed for many purposes could be greatly reduced, especially for cleaning
purposes; however, there is little impetus for this when a seemingly inex-
haustible supply is available at the turn of a tap. Cities like New York
and Los Angeles are now conveying water for many hundreds of miles to con-
tinue to provide adequate supplies. The large municipal water syste is
very costly and its construction requires many years of work. Such systems
are built with consideration for increased future deands, but in scae cases
the deand has exceeded the predictions. Frequently the distribution sys-
tem must be altered to bring supplies to areas where development was not
anticipated.
Suburban development of fringe areas around large cities has formed
large metropolitan districts, frequently without any political subdivision
outside the city limits with the authority to control the type of housing
and sanitary facilities provided. When the urban dweller moves his place
of residence to a fringe area to secure the benefits of decentralization,
he imposes his high water service standards on an area that often can not
satisfy then without a great investment and high maintenance costs, or he
may blindly accept service that can not offer security in its continued
adequacy of supply and controlled safety.
After the reduction of supplies of wood for fuel, other fuels, but
mainly coal, took its place. Coal, and later oil and gas, being unavailable
'5U. S. Public Health Service, Nation-Wide Survey of Sanitation Needs,
p. 41.
in most locations came into use with the aid of distribution techniques pro-
moted by private enterprise. The campetition between fuels aided the devel-
opment of more efficient conversion equipment for industrial growth. The
choice of a fuel for detached and privately owned houses has been largely
based on convenience in those locations in which two or more fuels seen to
be reasonably ctmpetitive.
With the acceptance of electricity as the most desirable energy form
for artificial illumination, the supply of electric current to every dwelling
unit has become a necessity. The secondary conveniences made possible by
electricity have further increased our dependence on it. In fact nearly
all energy requirements other than heating in modern houses depend upon elec-
tricity. The more traditional fuels are employed when in competition with
electricity only where space and water heating are their uses. Although
electricity is much more efficient and more convenient as a heating medium
than coal, oil, gas, or wood, its energy cost for such uses has been much
higher than the other fuels in most parts of the country. The continued de-
velopment of the heat pump may s oon change materially the area of applica-
tion of electricity for heating.
Since a survey made by Successful Farming in 1944, showed that run-
ning water, modern plumbing, and electric refrigeration rank at the top of
the list of desired purchases of farm families after receiving electric serv-
ice, several U. S. Public Health Service publications have pointed to the
extension of rural electrification as having played an important part in
making improved standards of sanitation possible through availability of
running water.6 An unappreciated problem is the widespread lack of aware-
ness of the hindrance to a healthy environment caused by the isolation of
6Ibid., p. 45.
the probles of water supply, energy supply, and the equipment and design
of the hame.
A paper, Autonamous Facilities for Deployment Housing, prepared by
the author for the Industrialized House course, held by the Department of
Architecture, M. I. T., in the fall of 1950, attempted to select and orga-
nize in proper sequence the techniques and equipment for the self-sustained
operation of houses. It was concluded that through a broad program of water
conservation by means of special equipment, and the orientation of occupants
in the use of this equipment, self-sufficiency in water was an engineering
possibility. This advantage was negated, however, by the fact that such a
program for self-sufficiency makes the occupants of the projected houses
completely dependent upon the reliability of their energy supply. The devel-
opment of an energy supply system that could offer the necessary safety fac-
tors did not seem possible in the immediate future.
Although the study for deployment housing was based on the need for
mobile housing units during wartime, the basic need for exploring such a
program was: the tremendous dependence of the individual householder upon
municipal services which do occasionally break down; the enormous cost of
expanding these municipal services when the community experiences an unex-
pected growth; the restraint upon desired growth by the cost of extending
these services; and the extremely high cost at present of providing houses
in rural and fringe areas with satisfactory levels of sanitation, with or
without such municipal services.
This paper will explore two problems in the provision of utility sup-
plies for housing. The first problem is to determine if the present methods
of providing heat, light, power, and water are the best possible with our
technology. 7hether the best is possible under our present econcmics is the
second.
The application of a new technique of utility supply depends in part
on the stage of development of the ccmmunity. In a developed and stable
cmmunity the advent of a revolutionary technique, for services already pro-
vided,may never have an opportunity for introduction. At the present time
it seems as though the broad adaptation of rational utilities supplies can
most readily occur in those western parts of the United States that will be
opened to settlement through the great irrigation programs presently projec-
ted and in the primitive countries of the world, since in both cases there
is little investment in still usable utility service equipment. On the
other hand it is possible that the development of satisfactory methods of
utilities supplies, together with the future application of atcnic power,
jet propulsion, heliocopters, television, radar, servanechanisms, and other
recent innovations may aid in the crystallization of a society whose physi-
cal character and cultural achievements are still inconveivable.
The development of rational utilities supplies as a long-range pro-
gran must always be considered in relation to the needs of a changing soci-
ety and to the increasing potential of invention and evolutionary innovation.
Chapter II
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Chapter II
THE ROLE OF UTILITIES SUPPLIES
IN GOOD HOUSING
In order that a scientific housing designer can work properly, he
must know what families are going to do in their houses, where they are
going to do it, what they are going to do it with and how much stuff they
will need, and what kind of space to enclose these activities with. Secur-
ing this data for the designer is a major research problem and is one for
which there is little precedence in other fields that is useful. There is
at present very little factual data of basic bature that is of use to the
designer although there is an enormous amount of material based on tradi-
tion, fashion, rules of thumb, personal experience, experts' opinions, and
codes.
The trend toward housing design based on family needs has been obser-
ved as early as 1880, and the history of this trend has been described by
Callender.1  In the last two decades a great many studies of the various
factors basic to housing have been made fram highly insular positions. Stu-
dies of patterns of family life, habits, and adaptation to environnent;
studies of physical needs for illumination, heat exchange, and control of
noise; made by specialists have provided a basis for preparation of stan-
dards for designers, such as Standards for Healthful Housing, the trilogy
of the American Public Health Association's Camittee on the Hygiene of
Housing.2
1Callender, J. H., Introduction to Studies of Family Living, pp. 5-
15 (vol. 1, in Family Living as thee Bais for Dwe
2The three volumes are: Planning the Neighborhood, 1948; Planning
the Hcm f Occupancy 1950; Construction and Equipment of the Hae, 1951.
.-F .. NO"- - -- I I - I- I I
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Difficulty in the use of standards that have been prepared to date
is partly due to their insular relation to the whole basis of housing. There
is very little information on the interrelation of various factors and there
is also very little information on the basic needs of families that can be
satisfied by their houses.
An outline presenting the various functions that should be satisfied
by adequate housing is the "Basic Principles of Healthful Housing."3 This
outline is quoted herewith, and opposite each principle my evaluation of
its relation to the utilities supplies is shown. A utility is referred to
as having a primary relation to the principles if the utility is provided
specifically to satisfy the function. A utility is referred to as having
a secondary relation if satisfaction of the principle is incidental to pro-
per operation of the utility.
Basic Principles of Healthful Housing
A. Fundamental physiological needs.
1. Maintenance of a thermal environment
which will permit adequate heat loss
from the human body. Primary
2. Maintenance of a thermal environment
which will permit adequate heat gain
for the human body. Primary
3. Provision of an atmosphere of reason-
able chemical purity. Primary
4. Provision of adequate daylight illumi-
nation and avoidance of glare. None
5. Provision for admission of direct sun-
light. None
6. Provision of adequate artificial illu-
mination and avoidance of glare. Primary
3 Canmittee on the Hygiene of Housing, "An Appraisal Method for Mea-
suring the Quality of Housing," part 2, p. 25, in Appraisal of Dwelling
Conditions.
--
7. Protection against excessive noise.
8. Provision of adequate space for exer-
cise and for the play of children.
B. Fundamental psychological needs.
9. Provision of adequate privacy for the
individual.
10. Provision of opportunities for normal
family life.
11. Provisions of opportunities for normal
community life.
12. Provision of facilities which make pos-
sible the performance of the tasks of
the household without undue physical
and mental fatigue.
13. Provision of facilities for maintenance
of cleanliness of the dwelling and of
the person.
14. Provision of possibilities for esthetic
satisfaction in the home and its sur-
roundings.
15. Concordance with prevailing social stan-
dards of the local community.
C. Protection against contagion
16. Provision of a water supply of safe sani-
tary quality, available to the dwelling.
17. Protection of the water supply system
against pollution within the dwelling.
18. Provision of toilet facilities of such
character as to minimize the danger of
transmitting disease.
19. Protection against sewage contamination of
the interior surfaces of the dwelling.
20. Avoidance of insanitary conditions in the
vicinity of the dwelling.
21. Exclusion frem the dwelling of vermin
which may play a part in the transmission
of disease.
Secondary
None
None
None
None
Primary
Primary
Secondary
Secondary
Primary
Primary
Primary
Primary
Primary
Secondary
22. Provision of facilities for keeping
perishable food and dairy products
undeceaposed.
23. Provision of sufficient space in
sleeping rocms to minimize the dan-
ger of contact infection.
D. Protection against accidents.
24. Erection of the dwelling with such
materials and methods as to minimize
danger of accidents due to collapse
of any part of the structure.
25. Control of conditions likely to cause
fires or to promote their spread.
26. Provision of adequate facilities for
escape in case of fire.
27. Protection against danger of electric
shocks and burns.
28. Protection against gas poisoning.
29. Protection against falls and other
mechanical injuries in the hame.
30. Protection of the neighborhood against
the hazards of automobile traffic.
Primary
None
None
Secondary
None
Secondary
Secondary
Secondary
None
The Committee on the Hygiene of Housing has developed a system for
the evaluation of the quality of housing in which a maximum penalty score
is assigned to each of the basic principles. 4  It would be extremely unlikely
that any dwelling would merit the total penalty score; if it did, it would
either not exist or each of its components would have degenerated to a
point where all would be unusable and/or unsafe.
The penalty score assigned to each basic principle, however, reflects
the relative importance of each principle to the whole of a satisfactory dwel-
ling. The total penalty score is 600. The total penalty score, assigned to
41 .,s p. 16.
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those principles whose relation to the utilities supplies is pr:imary is 245.
If the penalty scores do represent valid relationships between the various
basic principles, then it can be assumed that the utility supplies of a
dwelling contribute directly to 41% of the factors constituting a healthful
house.
Those functions of a dwelling that are fulfilled with direct appli-
cation of utilities supplies are always subject to change. At the present
time it is safe to say that utilities supplies and connected equipment are
directly involved in the fulfillment of the following needs:
Heat and ventilation (air temperature, relative humidity, mean
radiant temperature of the enclosure, air movement and air
change).
Articifial illumination.
Food preparation.
Sanitation (cleaning the body, the house, and clothing; water sap-
ply; sewage disposal; refuse and garbage disposal; and perish-
able food storage).
A general form for the analysis of each one of these functions has
been used by the John B. Pierce Foundation and covers the specific informa-
tion needed for a design. This analysis also provides an outline for a
program of research that would precede the design and introduction of a
new type of equipment, with full consideration given to all of the various
affected factors in the dwelling.
Analysis of Functions 5
I. Space required.
A. Hunan beings performing function.
1. Adult, single and double.
2. Child, single and double.
3. Infant.
B. Human beings performing auxiliary operations.
1. Entering and leaving space for function.
2. Putting on and removing clothes.
3. Cleaning and maintenance of possessions, equipment and
enclosure.
4. Attending and supervising another person.
5. Access to possessions and equipment controls.
6. Access to equipment for servicing.
7. Moving possessions and equipment into and out of space.
8. Visitors.
C. Things.
1. Possessions (see II).
2. Equipnent (see III).
D. Modifications for psychological environment (see IV.A.Z)
E. Units per family (including equipment).
II. Possessions.
A. Kept out or in frequent use.
B. Stored.
5Cllender, . cit., pp. 18-19.
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III. Equipment.
A. Special equipment for performing the function.
B. Support for the body: adult, child, infant.
1. Standing.
2. Sitting.
3. Lying.
C. Support for possessions.
1. Kept out (see II.A).
2. Stores (see II.B).
D. Mirrors.
E. Utility connections: electricity, gas, water, telephone.
F. Control of enviroment (see IV).
IV. Environment (air and enclosure).
A. Human.
1. Physiological.
a. Heat (air temperature, relative humidity and mean radi-
ant taperature of the enclosure).
b. Ventilation (air movement and air change).
o. Moisture.
d. Odors.
e. Light.
f. Sound and vibration.
g. Sanitation (elimination of dirt, insects and vermin,
infection).
h. Safety (protection against accidental injury).
-~ m
2. Psychological.
a. Privacy.
b. Appearance and impression (effect and connotation from
color, texture, form, and proportion; also fran heat,
ventilation, odor, light, and acoustics).
(1) Esthetic.
(2) Social standard.
(3) Effect on behavior.
(4) Effect on mental state.
B. For possessions (clothing, food, books, etc.)
V. Time.
A. Duration.
B. When.
C. Frequency.
VI. Relationship to other functions (circulation)
A. Close.
1. Before.
2. During.
3. After.
B. Conflicting.
Within the primary scope of this report are the following parts of
this analysis of functions: utility connections, III.E; and special equip-
ment for performing the function, III.A (when the equipment is dependent
upon the utility connections). However, the result of such a basic analy-
sis of functions is that it becomes impossible to draw sharp distinctions
between furniture, equipment, and house. One example is the common opera-
tion of washing hands with soap and water at a lavatory. There must be
space to contain the equipment and the movements of the operation. Then the
equipment must be provided; the lavatory, the floor to stand on, the support
for the fixtures, the fixtures, the support for the soap and towel. The
utility connections provide the water fram same distant point and then carry
away the soap, dirt, and water suspension that results fra the operation.
Proper enviroment must be provided in addition to space and equipment, and
this includes control of humidity, heat, ventilation, light, sound, and the
general cleanliness of the space. Furthermore, if the floor to stand on
can be included as equipnent, then the walls and roof can be regarded as
environment in that they aid in the control of humidity, heat, and privacy.
The interdependency of the factors of utility supplies,and the house-
hold equipment dependent on thewith the remaining factors can be pointed
out readily in the provision of a camfortable thermal environment. Included
within the scope of this paper are the following factors:
Safety and dependability of energy supply.
Convenience of method of conversion.
Efficiency of method of conversion.
Efficiency of distribution system in the house.
Factors that are not considered are:
Heat loss pattern of the house relative to the places where the
occupants will be while performing certain operations.
The effect of changing or removing draperies, upholstery, carpets,
and other furnishings on the occupants' omfort.
The effect of day to day variation in clothing, especially of
of wamen.
Variation in requirements of thermal conditions due to age, sex,
state of health, and activity.
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Effect of orientation of the house to the sun, winds, and shelter-
ing buildings and trees.
The functions in which utility supplies and the connected equipment
are needed are not wholly dependent on this equipment for satisfactory ful-
fillment. The development of design criteria to satisfy these functions
can not be made through consideration of utility supplies alone. Therefore,
it has seemed to be advisable in this paper, in which the utility service
problems of housing are isolated, to ignore design possibilities that would
require changes in families' habits or in the design of houses. This limits
consideration of design possibilities to same functions that seem to be
purely work problems, such as housecleaning, rubbish removal, and laundering.
Chapter III
THE COST OF UTILITIES SUPPLIES
FOR HOUSES
Chapter III
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The basic utilities supplies to houses are water and energy in the
form of electricity and/or combustible fuel.
Water supplies generally are obtained either at the site of the house
or within the immediate area of the local community. Energy supplies in the
form of electricity or a combustible fuel are frequently brought from very
distant places to points of use. The techniques of distributing energy to
housing impose very little restraint on the location of sites for develop-
ment, since electricity can usually be extended to any development of more
than a few fanilies. Oil and coal are normally delivered by truck, and gas,
if desired beyond the limit of mains, can be supplied in portable high pres-
sure tanks. When a housing development away from existing municipal water
mains is planned and a new supply must be developed or existing mains exten-
ded, the usability of a site may be wholly determined by the problems of
these installations.
Another important difference in the basic utilities supplies is the
type of ownership of water supply and of energy supply systems. Generally
water supplies are owned by the individual served or by the town or commun-
ity served. The source of supply to a house is dependent on the exclusive
control of the municipality's water supply agency or the operation of the
household's private system. Energy supplies are generally controlled by
private interests, and cmpetition between firms and between different types
of fuels has promoted much more widespread availability of high standards
of energy supply to houses outside densely populated areas than is true of
water supplies which are publicly owned.
Between the census of 1940 and the census of 1950, the suburbs of
this country's twelve largest cities outgrew the cities themselves. Half
of the population increase in the United States between 1940 and 1950,
occurred in the suburban fringes of the large cities. The extent of this
pattern of population growth is illustrated in Table 1, for four cities. 1
Table 1
Population Growth in Four Large Cities & Their Suburbs
1940 1950
Los Angeles 1,504,277 1,954,036
Suburbs 1,412,126 2,376,926
San Francisco 634,536 760,381
Suburbs 827,268 1,453,103
Boston 770,816 788,552
Suburbs 1,406,805 1,564,816
Pittsburg 671,659 673,760
Suburbs 1,410,877 1,519,170
The problems of providing energy supplies to these new residential areas
has been solved without great cost or inconvenience. However, the cost of
providing water supplies and other sanitation facilities seems to increase
drastically outside of the large city, and the higher cost plus certain
technical problems have frequently resulted in lower standards of service.
Because problems of water supply and waste disposal facilities
seemed to be the most critical problem of the basic utilities supplies, in
planning housing, I have made the following study to evaluate the need for
1
"The Census Listing of Metropolitan Areas Shows Mass Novement into
Adjacent Cammunities," New York Times, July 20, 1950.
sanitation facilities and their cost for communities of various sizes. The
problems of water supply are closely related to those of sewage and waste
disposal because of the necessity of a water carriage system to satisfy good
standards of sewage disposal, and because the administration of water sup-
plies, sewage, and waste disposal are similar.
Analysis of U. S. Public Health Service Surveys
Estimates based on careful surveys of the cost of needed water supply
and sanitation facilities were published in 1948, by the U. S. Public Health
Service. This was the first survey that had ever been made on a national
scale on the basis of actual field investigations. The cost of needed facil-
ities was estimated then at $7,834,581,000. The breakdown of this cost is
shown in Table 2.3 The Engineering News Record's Construction Cost index at
the time of this estimate was 348, based on the average of 1913 as 100. The
ENR index on the same base for July 1951, was 542, an increase of 64%.
Table 2
National Cost Estimates for Needed Sanitation Facilities, 1947
(Costs in Thousands of Dollars)
Ready for Planning Future
Constr. Progress Projects Total
Water $ 385,591 $ 608,349 $1,275,042 $2,268,982
Sewage 360,509 908,048 2,480,296 3,748,853
Garbage & refuse disposal - 166,526 166,526
Rural sanitation - 1,650,220 1,650,220
Total
2 Ibid., p. 3.
3Ibid., p. 9.
$ 746,100 $1,516,397 $5,572,084 $7,834,581
Nearly 15,000 comunities with more than 79,000,000 people have water
works that need improvements or extension of mains. The number of persons
in these communities not served by water works was not determined in the
survey.
There were 2,360,000 people in 5,710 communities that had no public
water supplies. These communities were urban by U. S. census criteria, and
the engineers who made the survey regarded public water supply either abso-
lutely essential or most feasible economically, so that a community system
became the basis for the cost estimate.
In rural areas the survey does not distinguish between needs for new
systems and needs for improvement to existing systems. However, 27,000,000
people have needs. These needs for service are admittedly below the standards
required in urban ccmmunities.
In undertaking such an inventory as this, it is desirable to have
some definition of "need". Although general agreement exists as to
what constitutes a sanitation need, it has been found impractical
to define needs on a precise or uniform basis throughout the coun-
try. It would be desirable if every family in the country were
provided with running water in its home, modern plumbing, and a
sanitary method of disposing of garbage and other household waste.
This, however, must be considered an ultimate rather than an immed-
iate goal. A program to accomplish these objectives in any short
time would be unrealistic, since it would be dependent on a large
number of gntecedent changes in economic, cultural, and social
patterns.*
4 Ibid., p. 9.
5Underlining is my own.
The rural sanitation needs found, are shovn in Table 3. 6
Table 3
Rural Sanitation Needs
Number Cost
Water supplies
New or repairs
Privies
New or repairs
Septic tanks
New or repairs
Total
6,392,300
6,174,500
1,692,700
868,767,000
398,363,000
383,0909000
$1,650,220,000
There are over 9,100 communities with 6,360,000 people needing cam-
plete new sewerage systems. As in the case of the communities without water
supplies, the engineers conducting the survey decided that a community sys-
tem was essential or that it was the most feasible economically, and they
made their estimates accordingly. About 80,000,000 people in 9,900 additional
7
communities need improvements to their systems. Another survey, published
in 1950, by the U. S. Public Health Service, shows that only 39.7% of the
communities listed in the 1940 census have sewers and that communities with
sewers serve 91.1% of their population.
6 U. S. Public Health Service, o. cit., p. 34.
7 Thoman, J. R., Statistical Summary of Sewage Works in the United
States, 29pp.
Table 4,8 shows the number of communities in the United States in
seven size categories with sewers.
Table 4
Total Number of Communities Included in Inventory,
Percentage with Sewers by eopulation Groups
P2o Group
Less than 1,000
1,000 - 5,000
5,000 - 10,000
10,000 - 25,000
25,000 - 50,000
50,000 - 100,000
Over 100,000
Total
No. of Cammunities
Incorp. Unincorp.
9,665 1,962
4,627 1,447
965 122
665 54
213 9
107
92
Other
2,139
341
18
9
3
2
2
Sewered Communities
T otal
13,766
6,415
1,105
728
225
109
94
Number
2,460
4,342
1,004
690
218
109
94
,%_of Total
Communities
17.9%
67.1%
90.9%
94.8%
99.1%
100.0%
100.0%
16,334 3,594 2,514 22,442 8,917 39.7%
8Ibid., p.20.
Table 5,9 shows the percentage of the population in sewered communi-
ties that is connected to the sewerage system and the percentage of the
population whose sewerage receives any treatment before discharge from the
system.
Table 5
Population in Sewered Communities Connected to Sewers
and Discharging Treated Sewage
Pop. Group
Less than 500
500 - 1,000
1,000 - 5,000
5,000 - 10,000
10,000 - 25,000
25,000 - 50,000
50,000 - 100,000
Over 100,000
Total
Percentage of Census
Population in Sewered
Communities Connected
to Sewers
92.7%
77.1%
77.6%
83.4%
88.0%
95.7%
96.7%
95.3%
91.1%
Percentage of Connected
Population Discharging
Raw
35.7%
35.5%
39.1%
42.0%
43.7%
41.8%
45.7%
33.0%
37.3%
Sewag~e
Treated
64.3%
64.3%
60.8%
58.0%
56.3%
58.2%
54.3%
67.0%
62.7%
In rural areas, the 1950 census shows that 776,000 houses in rural
farm and rural nonfarm areas-had not even an outside toilet or privy for
disposal of human waste.10 More than 33,000,000 people in rural areas need
new systems or improvements to their present systems.
9lbid., pp. 20-21.
1 0 Bureau of the Census, Housing Characteristics of the United States:
A4pril1, ,1950 p. 15.
Table 6,11 suamarizes the number of people in communities and rural
areas who have sanitation needs. The population figures are based on the
1940 census.
Table 6
1940 Population with Sanitation Needs
Wat er
Population in comunities needing
new systems
Population in communities needing
improved systems
Population in rural areas needing
improved systems
Population reporting no needs (urban)
Population reporting no needs (rural)
Total
2,360,000
79,072, 000
27,200,000
10,720,000
12,300,000
Sewerage
6,360,000
79,349,000
33,200,000
6,443,000
6,300,000
131,652,000 131,652,000
There are over 70,000,000 persons in 8,300 communities that have needs
for better facilities for collecting and disposing of garbage and other types
of refuse. This estimate by the U. S. Public Health Service and the cost
estimate of $166,526,000.00 for correcting these inadequacies are based on
12
lower standards of service than ought to be necessary.
11U. S. Public Health Service, o. cit., p. 4.
12Stated by Dr. John R. Snell, in an interview with the author at the
offices of Engineering Services, Inc., Melrose, Mass., on July 12, 1951.
The high cost of work needed, reflects the large total cost of work
needed in a few of the largest cities. Table 7, shows that the water sup-
ply and sewage disposal needs of seven cities will cost $2,055,000,000.00,
or 33.1% of the total of nonrural needs in the United States. The per capita
cost for satisfying these needs is greatest in very large cities and in very
snall communities. In communities of 200 to 500 persons, per capita costs
for needs average over $135. In towns of over 100,000 persons, the cost per
capita averages about $80.00, while in cities of over 1,000,000, they approach
$120.00 per capita. However, the ability of people to pay for these improve-
ments decreases as the size of their community decreases.
Table 7
Cost of Water Supply and Sewage
Disposal Needs in 7 Cities
New York City
Philadelphia
Chicago
Detroit
St. Louis
Pittsburg and Allegheny County
Denver
Total
$1000, 000,000
450,0001000
220,000,000
150,000,000
85,000,000
8010009000
70,000,000
$2,055,000,000
13U. S. Public Health Service, o. cit., pp. 4-5.
Table 8,1 shows a comparison of the cost of needs as related to income
in a few states typifying the different regions of the country. The figures
indicate that a much larger percentage of the community' s income will be used
to satisfy needs in small communities than in large towns and cities. The
financial burden of satisfying needs of small communities with present tech-
niques has been the chief deterrent to the provision of the necessary faci-
lities.
Table 8
Per Capita Water & Sewerage Works Needs
as Compared with 7erCapita Spendable Income,
for Selected States & Sizes of Community
Ala. Io~va. Minn. N.Y. Oregon Wash.
200 -500 Pop.
Per capita income
Per capita needs
Percentage of needs
to income
5,000 -101000 Pop.
Per capita income
Per capita needs
Percentage of needs
to income
100,000-1,000,000 Pop.
Per capita income
Per capita needs
Percentage of needs
to income
370. $
101. $
27%
552. 
45. $
974. 720. $1,247. $1,186. $1,279.
196. $ 251. $ 303. $ 141. $ 198.
20% 35% 24% 12% 16%
985. * 920. $1,358. $1,320. $1,252.
33. $ 63. $ 47. $ 74. 102.
8% 3% 7% 4% 6% 8%
$1,106. *1,805. $1,539.
$ 13. $ 33. $ 16.
$1,239. $1,999.
$ 16. 48.
$1,998.
$ 40.
1% 2% 1% 1% 2% 2%
*Data on per capita spendable income from Sales Management, August 1945.
Income figures are for counties. It has been assumed that county aver-
ages are representative of income of towns within the county. Only those
communities having some needs are included.
14 Ibid., p. 41.
Using the surveys cited before, I have isolated the data that seems
to indicate best the effect of the size of the comunity on the cost of sani-
tary services and ability to achieve the needed services. I have plotted
this data graphically in seven figures. Figures 1 and 2 show the average
cost per capita of needs for new systems, repairs to existing systems, and
the average cost per capita for all communities with and without needs. The
next step, Figure 3, shows 'the cost per capita and the total cost of needs
for garbage and sewage disposal. Figures 4 and 5 show the degree of fulfill-
ment that communities of various sizes are receiving in their needs for sewer-
age works and water works. Figure 6 shows the nation-wide average total per
capita costs of communities with and without needs. Figure 6 aids the evalu-
ation of Figure 7, which shows the total per capita costs for new sanitation
systems in communities of various sizes.
Figuare.1
Cost of Satisfying Water Works Needs
in Communities of Various Population Sizes
Cost per capita for new systems in communities of 200 - 500 persons
is over $120. The cost of new systems drops rapidly in comunities of
more than 5,000 persons, and there are no needs reported for new systems
for existing communities of over 10,000 persons. The cost of needed improve-
ments varies from above $40.00 per capita in the smallest size category to
$16.00 per capita in cities of 50,000 - 100,000 persons. The cost is $30.00
per capita in the population group of over 100,000 persons. The average cost
for communities with and without needs so closely approximates those in which
improvements are needed, that needed repairs or extensions to the existing
systems seem to occur in almost every community of over 1,000 persons.15
1 5Ibid., pp. 22-23.
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Figure 2
Cost of Satisfying Sewage Works Needs
in Communities of Various Sizes
The analysis of Figure 1, is also generally applicable to Figure 2.
The two figures vary in that there is need for new systems for sewage dis-
posal in towns of up to 50,000 persons, while the need for new water works
systems does not occur in communities of over 10,000 persons. Another vari-
ation is that the cost of repairs to existing systems is about l times
greater for sewerage work than water works in the smallest and in the largest
16groups.
16 Ibid., pp. 30-31.
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Cost of Satisfying Garbage & Refuse Disposal Needs
in Cornunities of Various Sizes
The cost per capita and the total cost for these needs are consider-
ably below those previously discussed. The percentage increase in cost per
capita for communities of decreasing size and the percentage increase in
total cost for the largest size category are greater than those seen in the
cases of water works and sewerage works systems. 1 7
1 7Ibid., pp. 32-33.

Figure 4
Realization of Water Works Needs
At the time that the survey was taken, planning had not begun for
over 90% of the needs of the smallest population group. Tovns with popula-
tions of 5,000 or more seemed to be making the most progress toward solution
of their problems.18 An appraisal of the amount of planning that occurred
between taking the survey in 1946-47 and publishing it in 1948, is offered
by the Public Health Service as follows: "since the surveys were completed,
a considerable amount of additional planning work has been done..... The
overall change will probably not be appreciable, but in certain states the
errors may be important."hl 9
18Ibid., pp. 20-21.
1 9Ibid., p. 13.
550O .55 555 005 0 55w5 4z 05 'lo 050 0005 5
'60 POO 0 .
Coo 9(.i
)T~~~~ ~ ~ ~ L-006 tgP 009 -0 E-
-- -7 * *-, .
PIE
%06
Figure 5
Realization of Sewerage Works Needs
The analysis of Figure 4 is generally applicable to Figure 5. A
single exception is that in the largest population group the amount of work
not being planned or not under construction averages about 65% of the need.
The amount of water works needs not being planned or not under construction
in the same population group is about 47%*20
20Ibid., pp. 26-27.
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Figure 6
Average Costs per Capita for Water Works & Sewage Works
in Communities with & without Needs
The information on this chart, which shows the extent of needs of
communities of various sizes, is useful in that it adds additional emphasis
to the fact that the principal difficulties in water and sewerage facilities
occur in the smallest and in the largest communities.21
21Ibid., pp. 22-23, 30-31.
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Figure 7
of ,Maer upTotal Costs per Capita for New Systems
of gater Supplies, Sewage Disposal, & Garbage & Refuse Disposal
in Communities of Various Sizes
In this figure data is plotted to show the total average cost for
new facilities for water supply, sewerage, and waste disposal. The average
total cost in the smallest population group is $260.10 per capita; in the
500 - 1,000 persons group, it is 4198.00; in the 1,000 - 5,000 persons group
it is $141. Since there were no needs for new water systems reported in
the survey for towvns of over 10,000 persons and the need for new sewerage
works drops sharply at this level, Figure 7 is useful only for small communi-
ties of about 50 to 1,000 families. New communities within these population
limits are frequently planned as units by architects and planners, and there-
fore it would be useful to test these costs to determine their applicability
for making preliminary estimates of cost.
The ENR index indicates a construction cost increase of 64, will bring
the figures in this survey up to date as of July 1951.22
22Ibid., pp. 22-23, 30-33.
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The cost figures shown in Figure 7, have been corrected by an ENR
index factor of 64%. The corrected figures are shovn in Table 9. It should
be remembered that the costs for the water and sewerage systems are based
on community and not individual systems.
Table 9
Total Costs per Capita for New Systems
of Water Supplies, Sewage Disposal, & Garbage & Refuse Disposal
in Communities of Various Sizes
Corrected to July 1951
Population Group
200-500 500-1,000 1,000-5,000 5,000-10,000
Water systems $ 188.50 $ 143.00 $ 155.60 $ 91.80
Sewerage systems 193.00 154.00 163.50 123.00
Garbage & refuse disposal 23.50 11.00 6.25 4.68
Total $ 405.00 $ 308.00 $ 325.35 $ 219.48
The costs referred to in the discussion of these surveys need clari-
fication because no distinction is made between individual systems and con-
munity systems other than to make a broad rural classification as a dis-
tinction from a community classification. Since the needs of the rural
class are privies and septic tanks, it seems that these needed installa-
tions are individual systems. The per capita costs in communities in the
200 - 5,000 persons group does not indicate the use of individual systems,
although their application in these situations is widespread.
Costs of Municipal Services for Residential Areas
The difficulty at present of measuring the costs of municipal ser-
vices is fully recognized by the fact that the Housing and Home Finance
Agency is sponsoring a research program to study this problem. The program
is titled "Cost of Municipal Services for Residential Areas,tt and is being
conducted in the Department of Regional Planning of Harvard University,
under the supervision of Dr. William L. C. Wheaton. The stated purpose of
this study is:
To develop tools for accurate measurement of the cost of municipal
services in different kinds of residential areas, and for relating
these costs to the total long-term cost of housing to home buyers....
The study is being focused especially on fast growing suburbs where
municipal services are an acute problem. For communities generally,
a more accurate basis is being developed for measuring and analyzing
costs of municipal services such as water, sewers, schools, garbage
disposal, police and fire protection, in order to calculate the3rela-
tive advantages of residential development in different areas.
This program seemed to be so close to my own that I approached Dr.
-Nheaton for information, upon the recommendation of Mr. Carl Feiss, Chief,
Planning and Engineering Branch, U. S. Housing & Home Finance Agency. Through
Dr. Wheaton, I met Mr. Allen Benjamin, who is conducting this program,and I
had two discussions with Mr. Benjamin and his assistants on July 2 and July 12.
The scope of the project under way is considerably less than implied
in the HIHFAs capsule description. This is because the difficulties and
intangible factors involved have not been analyzed heretofore precisely enough
to permit an evaluation of the costs involved. The specific nature of this
23Division of Housing Research, Housing Research: Capsule Descriptions
of Projects Started Under Contract in 5-.4
study is an analysis of five towns that have experienced rapid growth neces-
sitating considerable expense for municipal improvements. The five towns are
Natick, Newton, Framingham, Wilmington, and Wayland; all in the greater Boston
area. The object of the analysis is to determine the relative costs of the
portions of a municipality's cost upon new residential growth that is directly
assignable to individual dwelling units, and that portion of the cost that can
not be assigned to specific units. Then this relationship is to be tested in
a number of hypothetical cases.
Because this research program is not supposed to be completed until the
late fall of this year, all of the data has not been collected and organized
into form useful to me in the preparation of this report. However, the analysis
of Natick is relatively complete, and therefore I shall present a brief summary
of it.
Three utilities were considered in appraisal of the costs directly attri-
butable to individual houses. They are: sewerage, streets, and water. All
of the homes in the Natick analysis have septic tanks or cess pools and the
average cost is stated as $175. This cost is therefore not chargeable to the
municipality. At four to five persons per house, the cost per capita for
these new sewerage systems is $43.80 to $35. Since these costs are accurate
as of January 1, 1951, they are about one-fourth of the cost indicated in
the U. S. Public Health Service's survey on the basis of national averages
for coinunity systems.
The way that a unit cost for utilities per running foot of street is
obtained for the new residential areas in Natick is shown in Table 10.
Table 10
Unit Price Breakdovn for Natick's Utilities Cost
per Running Foot of Road
Rough trading & sub-base $ 5.00
Surfacing 8.50
Drainage (storm water) 5.00
Sidewalks (both sides, 4 wide,
asphalt pavement, grass strip) 1.40
Total say $20.00
Water mains 4.00
Total unit price for utilities $24.00
per
It
"t
running
It
"
foot
nt
"t
R a it
per running foot
t it ft
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The unit cost for utilities per running foot of street is applied to
individual dwelling units as shown in Table 11.
Table 11
Development of Cost per House for Municipal Expenditures
Due to New Housing Projects in Natick, Mass.
Oakridge Pelham South
Area 17 acres 60 acres
No. of dwelling units 40 170
Dwelling units
per acre 2.3 2.8
Percent of allowable
land coverage* 54% 64%
Total street length 2,100' 8,500t
Street length per
dwelling unit 52.5' 50.0'
Unit cost per running
foot** $24. $24.
Cost per dwelling
unit $1,260. $1,200.
Relation to zoning ordinance for gross area.
**Costs are of Jan. 1, 1951.
Pelham North Oakdale South
40 acres 55 acres
95 160
2.4
56%
4,700'
49.6'
$24.
$1,190.
2.9
68%
7,000'
47.6'
$24.
$1,140.
Preliminary studies by Mr. Benjamin seemed to indicate that the above
costs are typical for residential densities of about 1.5 to 3 dwelling units
per acre. Responsibility for other items of municipal cost that result from
new development are not as clear cut. I was told that these other costs in
the conunities considered were expected to be about equal to the direct cost.
The items isolated for study of cost represent only a small number of
the total that can be involved. A more complete list would include: the
paved roadway; the curbs, gutters, or both, to collect storm water and define
the roadway boundary; catch basins to collect storm water; storm sewers to
remove storm water; manholes for access to underground sewers; sewer mains
to remove sanitary wastes; plants for treating or otherwise disposing of
sewage wastes; controls at water source; pumping and purifying equipment;
water mains for water supply; sidewalks; fire hydrants and the resulting
increase in pipe sizes and water pressure; gas mains; telephone lines; elec-
tric lines; street signs; and all of the factors not connected with the util-
ities. Not all of these items are municipally operated in all situations;
however, it is always difficult to isolate the cost for each.
Cost of Utilities to the Home Owner
The total cost of a housets utilities would include three principal
subtotals:
(1) The cost of utilities that also serve many other houses in other
developments.
(2) The cost of utilities so located that they can be attributed to
individual houses.
(3) The cost of utilities on the individual plot of ground and in the
house.
The analysis of Subtotal (3) does not appear to be affected by density or
size of community as much as Subtotals (1)and (2 Nevertheless, the number of
influencing factors complicates formulation of a generalized cost estimate.
Mp-_ - -
Table 12, is based on a study of cost breakdowns for house and lot
prices for houses vrith only one basic bathroom (three fixtures), a basic
kitchen (sink, stove, refrigerator), and a divided laundry tub. The percen-
tage cost of all of the utilities for these houses does not indicate a basic
price for the facilities in the house as the percentage fluctuates in about
the same degree throughout the price range. The 13 cost breakdowns in the
table are representative of over 100 such breakdowns that I have studied in
architectural magazines.
Table 12
Cost of Basic Utilities for 13 Houses
Total Cost
$ 6,300.
8,500.
8,507.
9,400.
10,000.
11,814.
12,500.
13,000.
13,046.
13,850.
13, 990.
14,000.
14,950.
cost 11,500.
Cost of Utilities
$ 1,200.
1,750.
2,000.
1,300.
2,000.
1,760.
3,350.
2,430.
1,600.
2,800.
2,800.
2,000.
2,400.
2,110.
House
1.
2,
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
Average
Percent
19.0%
20.6%
23.6%
14.8%
20.0%
13 . 7%
26.8%
18.7%
12.3%
20.1%
20.0%
14.3%
16.0%
18.5%
Assuming a $10,000.00 house and lot in one of the Natick developments,
the total cost of utilities would be as follows:
Utilities serving this and other houses
(see Subtotal (1), p. 52) $ 1,200.
Utilities serving this house only
(see Subtotal (2), p. 52) 1,375.
Utilities in this house and on its lot
(see Subtotal (3), p. 52) 2,000.
Total cost of utilities $ 4,575.
Of this total cost, the home owner would pay $2,175.00, as part of the cost
of his property development, and $2,400.00 in the form of taxes on an assessed
value established by the municipality.
An Assumption on the Relationship of Costs of Utilities Service
for Houses to the Density of Housing Developments
The status of the techniques for making cost evaluations today are
such that it is impossible to offer more than a broad generalization as to
the relationship of the costs of utilities service for houses to the density
of housing developments. I have proposed a generalization graphically to
indicate what seems to be the relationship of costs attributable to indivi-
dual dwellings and municipal costs that are not attributable to individual
dwellings. This graph, Figure 8, has been shown to Mr. Benjamin, who agrees
that eventual findings on this problem will very likely form such a plot. I
regret that I an unable to provide measured coordinates for these curves at
the present time.

Chapter IV
A SURVEY OF THE TECHNICAL FROBLEMS
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Chapter IV
A SURVEY OF THE TECHNICAL PROBLEMS
Water Sources
The domestic and industrial water supply of all cities, communities,
and rural areas, which may be either surface or ground water, has its origin
in rainfall and runoff on land. Most water supplies originate wholly or in
major portions outside the areas of the comunities served. Water supplies
are therefore affected by forest and range, farming operations, diversion
of water, and sewage and wastes from other communities, cities, and industries.
As mentioned earlier in this paper, during earlier development of the
country when most of the population was rural and cities were small and with
little industry, there was very little difficulty in finding water supplies
except in the arid and semi-arid west. The settlement of the western areas
of the country was limited by the lack of water supplies, and this remains
true today even as irrigation projects and electrically driven pumps are
opening new land to settlement. Some urban areas are already benefiting
from federal multi-purpose water developments. The most notable example is
that of the Hoover Dam on the Colorado River which now supplies water, wholly
or in part, to twenty-eight communities with an aggregate population of
3,500,000 persons.
The last twelve years has seen a tremendous increase in the consump-
tion of water in cities, particularly the largest ones. This has been due
to accelerated wartime industrial development, the increase in urban popula-
tion from the farm to city movement during the war and postwar periods, and
large increases in the use of water for air conditioning in many cities. As
a result of these increased demands many cities have not been able to develop
- ~JAIIIin..N-~2
their water works facilities rapidly enough to keep pace. The formation of
great metropolitan areas and grouping of conmunities into water supply dis-
tricts drawing their supplies from the same sources has not only accentuated
the dependence of many communities on heavily used water supplies, but has
also forced searches for new water sources.
In the last three years a great deal of publicity has been given to
the threat of a national water shortage. The danger was compounded out of
a number of water supply difficulties, but received its real impetus from
the crisis in New York City in 1949. In that year a below normal rainfall
together with increased water demand created a situation that required many
conservation measures. This one shortage seems to have initiated a barrage
of popular articles in the press and on the radio concerned with the nation's
water supplies. The effect of the popular publicity on the water shortage
under headlines such as "Warning - The Water Problem is National" and
"America's Big Battle on Water," or"T.S. Water Supplies Drained of 170
Billion Gallons in 1950," has been to give the general public the impres-
sion that we may soon be exhausting the nation's water supplies.
After having read a large number of books and articles in professional
journals on the conservation of water supplies, many of which were written
with the assistance of the U. S. Geological Survey, the impression that I
have formed of the nation's water sources depletion is that in many cities
the water sources presently employed are being used at a rate which precludes
a safe continuous yield, especially with additional increases in population
and in per capita water demand. Of course, water may be had everywhere in
quantities to meet all demands of any size population, but there is a cost
beyond which people will choose other places to live. The U. S. Geological
Survey has been studying overdrawn ground water supply areas for many years,
and their work indicates that there is no danger of a shortage of water sup-
plies in New York or other cities on the east coast in the foreseeable future.
Table (z),1 shows that more than twice as many comunities of up to 50,000
persons obtain their water from ground sources (wells, springs) as from sur-
face sources (rivers, streams, lakes). However, three times as many cammuni-
ties with over 50,000 persons use surface water rather than ground water.
Also the population of the large cities using surface water is five times
greater than the population using ground water.
Table (12)
Number & Population of Cities Obtainin 'Water
from Surface & Ground Water
Population
1,000 - 5,000
5,000 - 10,000
10,000- 25,000
25,000- 50,000
50,000-100,000
Over 100,000
Total
Ground Water
No. of No. of
Cities6 Persons
3,526 6,995,830
543 3,581,070
268 3,953,690
67 2,406,860
20 1,481,810
22 3,085,455
Surface Water
No. of No. of
iFtiMes Persons
1,193 3,581,315
323 2,569,715
284 4,709,565
115 4,594,185
61 4,880,250
144 30,382,555
4,446 21,504,715 29120 50,717,585
The total amount of water used by municipalities and used in rural
areas for purposes other than irrigation is a small part of the total basic
withdrawal of water from the basic supply sources.
IU. S. Public Health Service, 1950, quoted in A Water Policy for the
American People, p. 176.
Table 13,2 shows total annual rainfall, runoff, and water use.
Table 13
Rainfall, Runoff, & Water Use
Total rainfall 4,300 billion gallons
Runoff including water use 1,300 " n
Water use 180 " "
Ground Water Streams & Lakes Total
Irrigation 15 80 95
Industrial 5 65 70
Municipal 3 9 12
Rural (other than
irrigation) 2 1 3
25r" 155 180
The fact that the use of water for domestic purposes is the most
fundamental and the most universal use by man gives to the domestic need
for water an importance not indicated by the relative quantity of water
used for this purpose.
Approximately at the line of the 100th meridian, which is near the
center of Kansas, annual rainfall drops to below twenty inches. Runoff west
of the 100th meridian is practically zero except for certain areas in the
mountains and in the Pacific northwest. Ninety percent of the ground water
use in the United States is in the seventeen states west of this line. (Use
of ground water in Arizona is known to be in excess of the natural rate of
replenishment.) But from the center of Kansas to the center of Missouri, run-
off increases from one inch to fifteen inches, and from Missouri eastward
2U. S. Geological Survey, quoted in A Water Policy for the American
People, p. 177.
runoff ranges upward to forty inches. East of the 100th meridian nearly all
of the population in municipalities is served by surface water and the ground
water potential is scarcely touched.
The differences in surface water runoff account for the variation in
the water supplies of the east and the west. A drainage area of 50 square
miles of average character, provided with adequate storage, will supply 200
gallons per capita per day even in dry years to 100,000 people. A 60,000
square mile area of drainage, which is about the size of the state of Midi-
gan, will supply enough water for the needs of the 120,000,000 people in
the 32 states east of the 100th meridian, and this total area is about twenty
times the size of Michigan.3
The planning of use of water sources both in the east and in the west
always seems to require considerations on the scale of the whole regional
development. This is true in the west because ground sources in several
places are presently being used at full capacity and increased demands for
water will require importation of water from considerable distances. Los
Angeles now conveys much of its water for over 300 miles. Furthermore,
federal irrigation projects and multi-purpose water projects involve river
basins covering several states.
In the east, even though water may be plentiful, the supplies do not
originate in the immediate areas where used. The quality of the water is
influenced by forest and range, diversions of water, farming operations,
sewerage, and industrial and other wastes of other comunities. Here the
problems of source are really problems of distribution from plentiful sources
to problem areas of high population concentration or to areas where local
runoff situations are below average.
3 Cookingham, L. P., "The Nation's Municipal Water Supply," in Planning -
1950, p. 95.
At the national level the President's Water Resources Policy Commis-
sion has proposed the following recommendations.4
1. The use of water for domestic purposes should be considered the
highest and most universal use by man.
2. Domestic and industrial water supply should continue to be a
matter of local concern, and comprehensive river basin planning
should take this into account. The cost of obtaining water sup-
plies for domestic and industrial purposes should be borne by the
local communities and industries served.
3. The States and the Federal Government should encourage the f or-
mation of metropolitan water districts to develop and transmit
necessary water to meet in the most economical way the requirements
of a group of communities when those communities are dependent upon
the same source of supply or when existing water supplies are ina-
dequate.
4. In planning for multiple use of water in a river basin, the
river basin commission should give adequate consideration to the
importance of domestic and industrial water supply. It should work
out a basis of effective cooperation of the communities concerned
with water supply in the comprehensive river basin programs.
5. The Federal Government should assume leadership in assisting
waterworks managements in the further protection and improvement
of the quality of both raw and treated water. It should continu-
ously collect data and report its studies and research on the long
time trends in amount and quality of water available.
6. The Federal Government should assume leadership in developing
economical means of disposing of all forms of industrial wastes,
including atomic wastes.
On the local level it is necessary that all community water supplies
be planned in relation to the whole area contributing to the supply. This
will insure the harmonious development of the water resources in the area
and enable them to make the greatest contribution to the welfare of the
people.
4Water Resources Policy Commission, A Water Policy for the American
Peple p. 184.
The most severe example of the failure of a city to adjust its water
supply facilities to its particular water source is that of Mexico City.
The problems of a potable water supply and the disposal of sewage in this
city have a very close relationship to the conservation of other renewable
natural resources, such as forests, grazing land, wildlife, and soil. 5
There have been two sources of water supply for Mexico City; they are natural
springs, principally of Xochimilco, and the recently drilled wells which sup-
plement the diminishing supply from the springs. All of the water used in
the Valley of Mexico and in Mexico City is ground water.
When Cortez and his army began the conquest of Tenochtitlan, they
found the Aztec capitol in the center of a large lake which was part of an
extensive system of lakes. The Valley of Mexico is a closed basin with no
natural outlets for its waters, and mountains forming the valley were covered
by a very dense natural vegetation reducing erosion to a negligible amount.
Infiltration of rain water to lower soil levels, evaporation, and transpira-
tion accounted for nearly all of the rainfall because the dense underbrush
held surface runoff to a minimum. The life of the native tribes, based on
simple cultivation of a fertile layer of soil, abundant supplies of lake
fish, and varied land and aquatic game, did not disturb the harmony of the
valley's water cycle to any appreciable extent.
Three hundred years, a mere instant on the timepiece of geological
phenomena were sufficient for the superior races to come from Europe
with their 'civilizing' hand and devote themselves to pillage and
to a most iniquitous destruction of the renewable natural resources
of the natives of the country. 6
5Blanco, G., "The Water Supply of Mexico City: Its Relation to
Renewable Resources," in Proceedings of the Inter-American Conference of
Natural Resources, pp. 361-369.
6 Prescott, W. H., History of the Conquest of Mexico, quoted in Pro-
ceedings of the Inter-Amerioan Cofeence of Natural Resources, p. 3627
Forests were cut down and underbrush destroyed without thought of reforesta-
tion or that this vegetation helped to retain the rain waters and to let
this water percolate slowly into the ground. During the rainy season the
water that fell on the mountainsides poured down the slopes to flood the
city. This brought on sheet erosion, the formations of deep gullies, the
siltation of the lakes, annual floods, and scarcity of fish and game.
During the nineteenth century the Tequisquiac Tunnel (the Great Canal)
was built to carry the annual flood water with millions of tons of suspended
topsoil out to the Gulf of Mexico. This has completely changed the hydrolo-
gical cycle, and the Springs of Xochimilco began to receive only a small frac-
tion of the rain water they formerly received. Today these springs are almost
completely dry, and as a result the 3,000,000 inhabitants of Mexico City do
not have sufficient water to meet the most basic requirements or to carry off
sewage.
The exhaustion of the springs has been the major contributing factor
in the general sinking of the city. When the water table began to lower as
a consequence of the devegetation of the watershed and the opening of the
Great Canal, the weight of heavy buildings and pavements gradually forced
out the pore water of the soil and greatly decreased the load bearing capa-
city of the soil. These phenomena have caused displacement and breaking of
drainage pipes and water mains, destruction of city pavements, and cracking
of buildings. The Soil Mechanics class at M.I.T., in the fall of 1950, of
which I was a member, found the settlements in Mexico City, which are mea-
sured in feet instead of inches, quite ridiculous.
Another consequence of the general sinking of the city is that in
same parts the level of the sewage and drainage system is below the level
of the outlet of the Great Canal, and, when the flood season comes, the
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canal, instead of providing quick drainage of wastes, acts as a syphon and
carries sewage from low parts of the city to central parts where it emerges
onto the streets.
At the present time deforestation continues, water supplies are aug-
mented by drilling of more and deeper wells in the city and the valley, and
an engineering project is under way to bring additional water from the springs
of Almoloya in the Toluca Valley. If these practices continue unmodified, it
appears that future generations of Mexico City will be forced to look for
their drinking water , by means of costly and complicated engineering works,
in the Isthmus of Tehuantepec or even the Rio Grande.7
In Brooklyn, New York, another situation can be cited in which failure
to understand the character and extent of the water source produced unsatis-
factory conditions and necessitated expensive corrective measures. Long
Island is favored by a liberal rainfall and a geological structure that pro-
vides fresh ground water storage at elevations of over thirty feet above sea
level. The camnunities on the island, including Brooklyn,were supplied with
ample water from wells, and many industries in Brooklyn still receive their
water from wells. However, the burough now receives its public water supply
through a connection with the greater New York City system, further increas-
ing New York's total water consumption.
The difficulty in Brooklyn was caused by the fact that the end of Long
Island that it occupies became almost canpletely paved or otherwise covered
with buildings. Rain, instead of percolating down into the ground to replen-
ish ground storage, was quickly carried out to sea through storm sewers. The
gradual lowering of the water table under Brooklyn finally reached the point
at which salt water began to seep into the island, and many wells began to
7 Blanco, G., o. cit., p. 365.
pump salt water. This lowering of the water table has been carefully docu-
mented and has occurred only under the western part of the island.8 The
central and eastern parts of the island have seen no substantial decrease
in their water table.9 It is also known that the amount of surface runoff
in the central and eastern part of the island is sufficient to supply all
of New York City's water requirements.
In the attempt to relieve the situation, legislation has been passed
requiring all water consumers who withdraw over 100,000 gallons of ground
water a day to return unpolluted water to the ground through recharge wells.
This measure has raised the water table somewhat and improved the ground
water situation. A problem accompanying this recharging of ground water has
been the flooding of many basements that were constructed when the water table
was lower.
Water Distribution
Getting the water from the source to the house where it is needed is
the subject of this section. The principal ways of accamplishing this task
are the use of the old oaken bucket, a portable tank, and pipes. The method
preferred for providing the highest standards of service is the use of pipes;
in fact the use of piped water is synonymous with satisfactory standards of
sanitation today.
Some people object to the use of properly designed piped water supplies
for two reasons. One is that such systems cost money, and when people do not
8Lusczynski, N. J. I., "Withdrawal of Ground Water and Pond Water on
Long Island from 1904 to 1949," U. S. Geological Survey, 3pp, typed.
9 Jacob, C. E., "The Water Table in the Western and Central Parts of
Long Island, New York," in New York Water Power and Control Commission Bu)le-
tin, 24 pp.
have the necessary amount they must do without the highest standards of
service. The second reason is based on the observation that a piped system
once installed is rigid, inflexible, unsuitable for mobile housing, and very
costly for temporary installations. These people believe that piped water
supplies are the cause of our water supply difficulties and as a solution
advocate the invention and use of 'pipeless' plumbing equipment.
In my own investigation of the possibilities of producing self-con-
tained systems for deployment housing,10 a 'pipeless' plumbing system was
considered an engineering possibility. The system required stringent econ-
omy in the use of water, a condenser to provide some make-up water at an
estimated cost of 1,200.00, and a compressive distillation apparatus at a
cost of $12,000. This system would serve six people at a cost of $13,200.00,
or $2,200.00 per capita, plus some small additional charges for piping and
installation. This cost is considerably above that of conventional indivi-
dual systems for nearly every conceivable application.
I discussed the system with a number of scientists and engineers, and
they were unable to think of alternate systems. However, I learned of an
attempt by the U. S. Army Corps of Engineers to develop mechanics for re-use
of water in arid regions of the Artic. These experiments were abandoned
when it was found that a solution would involve an extravagantly costly,
bulky, and complex apparatus. Therefore, it is my conclusion that water
will continue to be carried from its source to the point of use in pipes
until some still unknown technique is brought to bear on the problem.
Quality. The assurance that water is always safe and potable is
essential. The chemical quality and the bacteriological quality of accep-
table water are specified by the U. S. Public Health Service. As long as
10See Chapter I, p. 7.
the concentration of toxic substances is kept below certain levels, the
acceptability of the water will depend on the presence of pathogenic bac-
teria. Color, hardness, and turbidity standards may be ignored in the mini-
mum tolerable standards. After the source of the best quality of water avail-
able is known, the distribution system must protect the water from further
contamination. The water must be withdrawn at a point where there is least
danger of contamination of surface or ground supplies. The source and key
points along the system must be protected from further contamination. The
hardness, turbidity, odor, and color should be removed as much as economically
possible by the community in order to provide an esthetically palatable water.
Techniques for doing these things are well known and in use; however, the
cost of extensive treatment may be more than a small community can afford.
In the case of ground water geology plays a very important role in
maintaining acceptable quality. The particular earth structure in a certain
location is a factor in determining size and character of communities through
determination of their water supplies. Water drawn from underground streams
that are covered by a layer of impervious rock is generally well protected
from contact with contaminated surface water. For this reason deep wells
are recommended even when water table heights are close to the ground sur-
face. The rock structure also has another important relationship to contam-
ination, since sand and other fine grain materials act as filters and remove
much bacteria from the water. Gravel and fissured or broken rocks have such
large openings that they are not effective as filters.
Surface water is much more susceptible to contamination than ground
water. Even if surface water passes tests satisfactorily, purification faci-
lities must be provided because the quality of this water can vary from day
to day. As a general rule all surface water close to inhabited places may be
regarded as contaminated and requires carefully controlled treatment. This
partly accounts for the fact that the majority of communities using surface
water are quite large and therefore have the economic resources to provide
the necessary equipment and personnel for purification.
Quantity. The quantity of water that must be available to a housing
development is far in excess of the amount that is necessary for consumption
in the houses. This additional capacity is provided for fire protection. The
capital cost of providing for fire protection may amount to as much as 25% to
40% of the capital cost of a water distribution system.11
The amount of water actually used annually for fire protection is a
small amount of the total water used in small communities, and in large cities
it is almost insignificant. Even the increase in domestic water consumption
from the use of new appliances is not expected to exceed the fire protection
requirements in determining the capacity of water supply systEns.
The Cwiemittee on the hygiene of Housing recommends that requirements
for fire protection should be the basis for sizing a water distribution system.12
The quantities and pressure of water required for firefighting are specified by
the National Board of Fire Underwriters and are based on the structure classi-
fications of different areas. In general it is necessary that sufficient water
and pressure be provided for a number of continuous hours of operation of local
firefighting equipment. In small communities the cost of fire protection will
be high, especially if an on-the-site water supply is used. If the value of
this fire protection method is questioned, the increased cost of the system
may be compared with fire insurance rates. Usually the cost of fire protection
1 Water Resources Policy Commission, op. cit., p. 177.
12 Committee on the Hygiene of Housing, Planning the Neighborhood,
p. 14.
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will provide a saving against the 'unprotected' fire insurance rates over
the life of an average house.
In rural areas and where houses are relatively isolated, the use of
individual water supplies makes fire protection impractical. In such cases
the need for domestic use will determine the size of the distribution system.
By surveys it has been learned that average water use in the United States
in 1945, was 127 gallons per capita per day.13 The consumption varies from
60 gallons in ccmmunities of 500 persons to 150 gallons in towns of over
10,000 persons. The large per capita consumption of 200 to 500 gallons per
day in very large cities is an indication of the large industrial demand in
these places.14 The consumption of 60 gallons per person per day in the small
conmunity is very close to the estimates of normal domestic use by all author-
ities. The actual amount, however, will vary with individuals and with local
conditions.
13Water Resources Policy Commission, op. cit., p. 176.
14See Table 13, p. 60.
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Table 14
Quantities of Water for Various Uses
Gallons per Day per Person
Domestic use:
1 hand pump 10
1 pressure faucet at kitchen sink 15
Hot & cold running water in kitchen,
laundry, & one bathroom 50-100
Gallons per Hour
Garden & fire uses
Garden hose, 5/8", 1/4" nozzle 200
Garden hose, 3/4", 1/4" nozzle 300
Fire hose, 1-1/2", 1/2" nozzle 2,400
Design of Distribution Systems. In general the installation of an on-
the-site water system in a small coumunity is expected to meet the same stan-
dards as those imposed on the design and layout of a system for a large city.
Wells for individual houses are not able to assure the controlled safety of
a cammunity system that receives constant supervision. Individual systems
are therefore not considered advisable if a community system is at all pos-
sible. The design and supervision of water distribution systems has tradi-
tionally been the field of the consulting sanitary engineer. Large munici-
palities have their own staffs of engineers which include people able to
undertake design of new systems or extension to existing systems. The cost
of good engineering services is normally greater than the small community
feels it can afford to pay. The small community hesitates to call on an engi-
neer for preliminary studies and designs, and the engineer hesitates to accept
such commissions because they usually prove to be unprofitable. This situa-
tion is exactly analogous to the relation of the architect to the small house
commissions
Administrative Problems. The large municipalities almost universally
have legislation permitting direct charges to property owners or residents
for their water. The rates are based on operating costs and are used to
finance the operation and development of the water works. Construction codes
usually specify type and quality of distribution systems that developers
must install if the municipality does not make the installation itself.
The standards of utility installations in large cities are very high
and in many cities must be borne entirely by the developer of new housing,
even if the sizes of the water mains are greater than needed by the new
houses concerned. This unjust situation frequently promotes housing with-
out satisfactory water supplies outside the area of the municipality's
jurisdiction. Some cities compensate builders for that portion of the cost
of water main development not required to serve the buildings they are con-
structing, but this practice is far from general.
Much of the housing constructed in recent years has been located in
unincorporated areas adjacent to large cities. This has occurred either
for the reason mentioned or because there is insufficient suitable land in
the municipality itself. In many of these developments public water supplies
have not been provided because there was no political subdivision outside
the city with authority to control the subdivision of land and the quality
and type of housing and sanitary facilities. However, in many of these sit-
uations there were water mains that could have been extended frcm the city
to provide water supplies, if administrative facilities had existed to per-
mit the charges for the service to be levied and collected.
In the small, isolated community the cost of a satisfactory water
system will require so large a portion of the population's income that the
problem becomes almost insurmontable. 15 If the isolated community is also
an unincorporated one, its problems are complicated still further through
lack of an organization to handle these problems. Fortunately a good per-
centage of unincorporated communities are 'company' towns and are associated
with an industry, such as coal mines or textile mills. Water is needed by
the industries and can be furnished to the workerst homes at a low additional
cost. Consequently the percentage of company towns with residential water
supplies is greater than in other unincorporated comunities.
One solution to these problems is the formation of metropolitan water
districts. These districts provide water at either wholesale or retail prices
to a large number of adjacent areas or to neighboring communities. There are
several examples of such metropolitan water districts at the present time.
16
The Massachusetts Metropolitan Water District was founded in 1895, to operate
water works to supply cities and towns within a specified distance of the
State House. At present there are twenty-three member cities and towns. In
northern New Jersey, the North Jersey Water Supply Commission has undertaken
extensive water works projects that would be too costly for each of the eight
member towns and cities which contribute their share of the debt obligations.
The state of Pennsylvania adopted an authority act in 1935, permitting a single
comunity or a group of incorporated and unincorporated communities to operate
as self-liquidating utilities without financial obligation to pre-existing
1 5See Table 8, p. 31.
16 Water Resources Policy Commission, op. cit., pp. 181-183.
units of government. Seventy-one waterworks have made use of this law by
1950. The Metropolitan Water District of Southern California includes twenty-
eight cities and differs from most metropolitan districts in that the cities
need not be contiguous. This district is bringing water over 300 miles to
supply Los Angeles and other municipalities in a 2,500 square mile area along
a 150 mile coastline. This water supply is an achievement of the Hoover Dam
project that provides electric power cheaply enough to pump water of the Colo-
rado River over mountains 1,600 feet high to the coast.
The problem of providing the necessary facilities in rural areas where
houses are too widely separated to permit community systems to be practical
is still far from solution. The self-contained plumbing facilities referred
to earlier would provide an ideal technical solution to this problem. How-
ever, they are at present undeveloped and appear to be too costly. The solu-
tion at the moment appears to be in the direction of more educational work
to make rural people understand the need for protecting their water supplies
against contamination. Perhaps some form of subsidy or low interest loans
such as provided by the Rural Electrification Act would be of considerable
help in the drilling of deep wells and purchase of pumping equipment.
Water Utilization
Although the average water consumption per capita appears to have
risen very rapidly in large cities, the actual use of the increased volume
of water is largely for industrial purposes, with use in air conditioning
systems an important factor in some cities. Where housing has been provided
with adequate water sources and distribution systems to meet fire protection
standards, there appears to be little danger that foreseeable water use
increases can not be provided for.
New equipment coming into use in homes includes automatic clothes
washers, dish washers, and garbage grinders. In luxurious homes, air condi-
tioning equipment makes use of cold water sprays to cool and wash air.
Increased use of bathroom equipment, such as more than one lavatory and
water closet and a shower stall in addition to a bathtub, all tend to increase
the amount of water used. However, in some respects these recent improvements
decrease water use. A shower bath unless very lengthy will use less water
than a tub bath. The use of new detergent; which have greater capacity for
holding dirt in suspension than soaps, actually reduces the amount of water
needed for adequate rinsing.
The amount of water used for air conditioning may become significant
if there is widespread use of air conditioning in shopping centers, recrea-
tional buildings and other community centers which are located adjacent to
residential areas. However, if the amount of water used for cooling endangers
the existing water supply system, legislation can compel the use of some econo-
mizing device. The use of water for cooling does not impair the quality of the
water other than slightly increasing its temperature. Therefore, if the water
source is ground water, the used water can be recharged through a dry well
back into the ground. Unless the amount of water being recharged is very
large, the increase in temperature will not be significant. Brooklyn requires
that all users of over 100,000 gallons of water for cooling purposes return
this water through recharging.
The use of cooling towers makes possible reuse of virtually all cool-
ing water. New York City requires the use of cooling towers for all installa-
tions using more than 5 gallons per minute. Philadelphia requires an econo-
mizer for use above 75 gallons per minute, and Washington, D. C. requires
economizers on all installations. The use of economizers can reduce the amount
of water required by approximately 95%. A typical retail store, 1,000 square
feet in area, in a climate similar to Chicago's, will require approximately
5 tons of refrigeration for summer cooling. Such a system without economizers
will have a maximum daily water consumption of 12,500 gallons of water.
Another problem in the use of water for cooling without economizers is that
the time of maximum use is concentrated in the afternoon hours when other use
is also at a maximum.
Waste Disposal
The types of wastes to be disposed of by the occupants of a dwelling
are: human excreta (which will be referred to as sewage), garbage (consisting
of kitchen food wastes), combustible refuse (paper, rags, boxes and cartons,
leaves, grass cuttings, tree branches, etc.), and non-combustible refuse
(metal cans and other metal objects, glass, ashes, etc.).
The problem of waste disposal falls into two parts. The first is how
to remove wastes from the house before a nuisance is created. The second is
the ultimate disposal of the wastes. The removal of wastes is solved by a
different approach in the case of sewage than is used for garbage and refuse.17
Therefore, the following discussion is divided into two parts. The problem
of the ultimate disposal of wastes can be approached in two ways: one is to
get rid of the repugnant material in the easiest and quickest way, and the
second is to regard wastes as a resource with very important uses. Both
approaches apply equally to sewage, garbage, and refuse.
Sewage Disposal. There are three methods of sewage disposal that are
acceptable, within certain limits of application, to the U. S. Public Health
17 This is no longer true wvhere garbage grinders are in use.
Service as well as to the authorities of most states. The three methods are:
discharge to a large sewerage works system; treatment in a comnunity on-the-
site sewerage plant; and treatment in individual septic tanks of approved
design, with the disposal of the liquid in a drainage field and periodic
removal of sludge. All three of these methods are dependent upon a water
carriage system to remove the sewage from the house and to convey it to the
point at which treatment begins.
The difficulty of providing a satisfactory means of sewage removal
from the house unless a considerable amount of water is used is another point
objected to by opponents of pipe systems.18 However, to this objection the
same answer applies as in the case of piped water systems, i.e., any alter-
nate system would involve greater expense than the installation of a system
based on conventional methods. Therefore, water carriage will probably con-
tinue to be regarded as essential to good sewage disposal practice for some
time.
Next to a pure water supply, safe disposal of human wastes is most
important in safeguarding the health of individual families and the community,
and in avoiding the occurrence of nuisances. In general, a satisfactory system
of sewage removal will take care of the waste matter in such a way that:
(1) There will be no danger of contamination of water supplies.
(2) The waste will not be accessible to insects, rodents or other
disease carriers.
(3) The wastes will not be allowed to accumulate where they will be
seen or will give off odors that will be disturbing.
(4) The wastes will not contaminate water used for fish breeding grounds
and recreation.
18 See p. 67.
The health hazards that are associated with improper sewage removal are so
well known that they do not require comment.
In spite of the fact that the importance of sewage removal is widely
appreciated, my studies of the problem have indicated that more complaints
on the site planning of new housing projects are due to faulty sewerage
facilities than to any other cause.
The great strides that have been made in sewerage systems date largely
from the beginning of the 20th century. In 1860, only 10 communities in the
19
United States had sewerage facilities. By 1900, this number had grown to
950 communities. In the next 45 years this number increased to 8,917 com-
munities. As shown in Table 5, page 24, at the present time about one-third
of the communities with sewers for removal of wastes from houses give no
treatment to the sewerage, but discharge it raw to some stream. Of the total
number of sewage treatment plants, 45.6% are septic tanks. 20 This fact indi-
cates the importance of the individual sewage disposal system in the national
picture.
Although most of the progress in sewerage system construction has
occurred in this century, a large part of the basic research was performed
in the 19th century. Most of the research was on systems for large com-
munities and almost none was performed on individual systems.
All large cities in the United States have sewerage systems. The
principal problem encountered in these cities is in the extension of sewer
mains to outlying sections, and in most cases this difficulty is financial.
While municipal water supplies are financed by direct charges for service,
this practice has not been applied to sewerage systems until recently. Today
19Thoman, J. R., Statistical Summary of Sewage Works in the United
States, p. 23.
20 Ibid., p. 26.
about 250 cities make such charges, but the practice is far from general
and in some states it is not permitted by law.
The housing now being built in the unincorporated areas adjacent
to large cities frequently could be served by sewers extended from the city.
However, the administrative authority to provide such service and to col-
lect revenue in the areas does not usually exist. Even when authority to
sell water supply service outside the city limits exists, similar author-
ity extended to sewerage and refuse facilities does not exist.
In these unincorporated fringe areas, individual septic tank systems
are frequently installed even when unsatisfactory, because there is no author-
ity to control such developments. State public health officials are usually
not able to take action in these cases until a nuisance has been reported.
The individual septic tanks can provide a satisfactory means of sewage dis-
posal if there are frequent inspections, adequate maintenance, sufficient
land for the drainage fields, and suitable soil, water table and drainage
conditions. The right cmbination of favorable circumstances is not ordi-
narily sought for by the speculative builder when permitted to operate
outside of the jurisdiction of codes and zoning regulations.
21Table 15, a cost breakdown of a system of sewage disposal demon-
strates how the ultimate cost of a community system can be lower if exten-
22
sion of sewers from a public system occurs.
Table 15
Cost to Developer of Various Sewage Disposal Systems
Cost per Dwelling Unit
W1ith community plant (desirable
density, 4 families per net acre):
Sewer mains $112.
House connections 100.
Plant prorated 148.
Total cost $360.
ith septic tank (maximun density, 1
to 2 families per net acre):
Septic tank installation 190.
Total cost $190.
With community plant after connec-
tion with public system:
Community plant system 4360.
Less salvage of mains & house connections $212.
Less amortization at 2% 3. 215.
Total cost $145.
2 1 Urban Land Institute, Community Builder's Hand Book, p. 79.
22 In an interview with Rolf Eliassen, Prof. of Sanitary Engineering at
M. I. T., July 5, 1951, it was stated that a number of persons purchasing homes
in the Boston area have paid for two sewage systems. In these cases the buil-
der had not considered the plans of the community for extending sewer mains.
Ahen mains were extended, homeowners were assessed for the improvanents in
their streets, even though they had private septic tank systems.
Another problem of sewage disposal has developed because of the
increase in the consumption of water. This problem seems to have greatest
effect upon individual and on-the-site systems of small communities where
the capacity is based on former quantities. The solution is simply a need
for increasing the size of the equipment to handle the increased volume of
sewage. The large municipal systems have been expanding gradually to pro-
vide for increased volumes of sewage both because of increased population
and increased water use.
As pointed out in Table 5, page 24, over a third of the communities
with sewers dump their wastes into some stream or other body of water. Such
dumping is usually accomplished by constructing the sewers for some distance
out from the shore where the effluent is discharged. This concentration is
poisonous to fish, plant life, and ruins the recreation value of the nearby
shore.
Adoption of any of the different types of treatment plants, such as
septic tanks, Imhoff tanks, mechanically cleaned and plain tanks, hopper
bottom detention tanks, and activated sludge treatment plants, will result
in the production of sludge that will have to be disposed of. In the case
of individual septic tanks, the need for periodic sludge removal is not
widely recognized, and many people with such systems feel that they never
need attention until an unsatisfactory condition occurs.
The disposal of sludge is a serious problem to the sewage works
operator, and there is a large body of literature on this subject. One
method of disposal is to use the sludge as a fill for low and unusable
land. If the sludge is barged out to sea and dumped systematically it
makes an excellent nutrient for fish and sea plants. A very convenient
way of getting rid of sludge is to dry and burn it.
Sludge has always been used to a limited degree as a fertilizer.
Two factors promote such use, i.e., many farmers find sludge gives certain
qualities to soil that ordinary fertilizers do not, and sewage works opera-
tors appreciate the revenues that sales of fertilizer afford. A new factor
is that research into the relation of trace elements to human nutrition has
pointed out the need for a large number of such elements in a satisfactory
diet. The use of a fertilizer made with sewage sludge appears to be the
best way of supplying these elements to soils.23 Some of the cities pre-
paring fertilizer from their sewage sludge are: Battle Creek, Sheboygan,
Stamford, Conn., San Diego, Duluth, Toledo, Washington, D. C., Chicago,
Tenafly, N. J., Marion, Ind., Milwaukee, Dayton, and Grand Rapids.
Garbage and Refuse Disposal. The disposal of solid wastes is a
problem that has long been neglected in municipal efforts toward sanitary
environment, partly because of a lack of knowledge of satisfactory tech-
nique. The disposal of solid wastes has not appeared to require as
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imediate attention as supplying pure water and removing sewage, and as a
result research in this problem has lagged behind research in water supply
and sewage disposal. At the present time only refuse collection problems
have received attention and good equipment in most large cities. The
smaller community rarely has any kind of refuse disposal program.
The administrative problems of refuse disposal are generally similar
to those mentioned in the section on water distribution. However, the
standards of service that are acceptable for garbage, and particularly com-
bustible and incombustible refuse, are considerably below those of water
supply.
In the past a community's solid wastes were disposed of in the same
way as sewage, that is, they were taken to the nearest stream or land regar-
ded as undesirable and left there to be washed away, to rot, to be eaten by
stray animals, or to be bloin away by the wind. The techniques of sewage
disposal have improved considerably since those days, but techniques of
refuse disposal generally have improved only in the way the wastes are con-
veyed to the dumping grounds. Sufficient knowledge is currently available
so that much more satisfactory methods can be used, and the public should
no longer tolerate the nuisance caused by open dumps. In the very pleasant
northern residential district of Cambridge, Mass., the municipal refuse dump
poses a constant threat to the health and comfort of the residents , as well
as occupying valuable land. This is an open dump. An intensive campaign
against cockroaches coming from this dump is being conducted this summer by
the city. In Belmont, a very attractive suburb of Boston, the refuse depo-
sited daily in an open dump is burned, and the gray smoke and odor penetrate
for several miles into the surrounding residential neighborhoods.
The increasing quantities of urban refuse have contributed to the
problem of suitable disposal. A nation-wide survey made in 1950, indi-
cated that the quantity of urban refuse varies from 200 to 1,000 pounds per
capita and averages 540 pounds per capita per year; the average amount of
garbage is approximately 275 pounds per capita per year.24 The quantity of
green vegetables in garbage and the bulk of garbage increases sharply in
summer when the heat and humidity hasten putrefaction.
The manner in which garbage is stored at the home depends upon the
way in which it will be disposed of. If incineration is intended, all com-
bustible wastes may be collected together, with ashes and non-combustibles
collected separately and taken to a dump. If the garbage is to be used as
hog feed, it will be separated from all inedible matter and stored unwrapped.
If all wastes are taken to an open dump or sanitary fill, they will be kept
in the same container prior to collection.
The frequency with which garbage collection should be made varies in
different parts of a city. Good practice in business districts calls for
daily collection. In residential areas good practice requires collection
of garbage three times a week. Cambridge, Mass., collects its garbage
once a week, which is typical of most cities. Since refuse, other than gar-
bage, does not give off odors and provide food for rats and other vermin,
it does not need to be removed as frequently as garbage.
The equipment used for garbage and refuse collection shows a good
25deal of thoughtful design. Collection trucks are constructed with water-
tight bodies. Trucks also have compaction devices that reduce the volume
of collected refuse approximately 50%, and they are made so that they can
24Bellizia, J. A., "Refuse Disposal," Journal of the Boston Society of
Civil Engineers, April 1951, p. 156.
25Weaver, S. M., Refuse Collection Practice, 659 pp.
be loaded at a convenient height of three feet. In some communities garbage
and refuse collection cans are municipally owned and are standard size. A
specially designed truck in which the cans stack neatly is used for collec-
tion, and when a filled can is picked up, a sterilized can is left in its
place.
The open dump is the oldest method of disposal in use. The technique
is simply to haul the refuse out to the designated land and leave it. The
only advantage of this method, its cheapness, is a misconception. The true
cost of open dumps should include: the cost of putting out frequent fires;
the depreciation of real estate values in the vicinity of the dump; and the
inconvenience of thepopulation in the neighborhood as evidenced by complaints
of rats, roaches, flies, mosquitoes, blowing paper, smoke, and odors.
Although no garbage is supposed to be put into open dumps, complete segre-
gation is not possible and there is always food for vermin in these dumps.
In 1948, a survey made in Massachusetts indicated that 91% of its cammuni-
ties disposed of their rubbish in open dumps.26
The sanitary land fill method differs from the open dump method in
that it is a controlled method, it disposes of all classes of refuse inclu-
ding garbage, and it has for its purpose the reclamation of land for a use-
ful purpose. The operation consists of dumping a mixture of garbage, rub-
bish, and ashes in a trench and then promptly covering the trench with
earth to exclude rats and vermin and to prevent the escape of odors. The
whole dump is systematically covered in this way. The trenches are adja-
cent to each other and the level of the earth on top of them is the same.
Trucks bringing additional refuse drive over the filled trenches, thereby
compacting the mass underneath. Decomposition of the refuse begins after
2 6Bellizia, of. cit., p. 157.
a few days and continues for more than four years. Large settlements also
occur. The land reclaimed becomes suitable for recreational or other pur-
poses that do not require opening the surface. The equipment required for
this operation includes drag lines, bulldozers, and power shovels. Most
of this equipment will be available only in medium to large size towns and
cities.
One of the most common methods of garbage disposal is to feed it to
pigs. This is the least costly method and may even provide an income to
the community. However, such a practice is regarded as a great hazard
because it is known to be chief means by which diseases like trichinosis
are spread. Another objection is that garbage heaps on hog farms create a
very unpleasant condition.27
The disease carrying characteristics of garbage can be controlled by
cooking the garbage for 30 minutes at 2120 F., before feeding it to the pigs.
This treatment is objected to by pig farmers on the grounds that it raises
the cost of using garbage as feed and reduces the nutritional value of the
feed considerably; also the pigs are unable to distinguish the inedible
portions of the garbage. U. S. Interstate Commerce regulations stipulate
that no garbage may be shipped interstate for hog feeding unless cooked.
The states of Washington, Kentucky, New York, and Oregon have laws forbid-
ding feeding uncooked garbage to hogs. In Massachusetts a survey in 1948,
27In a conversation June 29, 1951, with Mr. Woodridge Marshall, who is
preparing a Master Plan for Woburn, Mass., in the employ of Arthur Manasel-
ian, Architect in Boston, I learned that Sylvania Electric Products, Inc.
had selected a site for an assembly plant in Woburn. This site was finally
rejected because a pig farm using garbage for feed was located across the
road, and the directors of the company felt that this would be a disturbing
condition to their employees.
revealed that 92% of reporting communities disposed of their raw garbage as
hog feed."
The eventual elimination of garbage collection was forecast after
the recent introduction of garbage grinders. These units are installed in
the kitchen sinks of individual dwelling units, restaurants, hotels, and
stores. The garbage is flushed into the grinder where it is pulverized
and carried away in the sewers. If the sewers are of satisfactory design
for handling sewage, there will not be any difficulty in the use of grin-
ders. However, the increased bulk of solids in the sewage will increase
the needed digestion capacity of the treatment plant. There is considerable
difference of opinion as to the increase in capacity that is necessary in
the treatment plant, but increases of 30% to 50% are generally regarded as
ample for municipal works, and 50% for individual septic tanks. Some cities
prohibiting the use of garbage grinders are New York, Philadelphia, Miami,
Knoxville, and youngstown; however, over 100 cities permit their use.
Marion, Ind., and Battle Creek require their use in some types of residen-
tial building. Jasper, Ind., has installed a garbage grinder in every home
at municipal expense and makes a regular service charge in lieu of a charge
for garbage collection.
Composting is a waste disposal method that has been used by farmers
for many centuries to produce an organic fertilizer for their land. The
attempts thus far to devise a satisfactory municipal composting process in
the United States have not been successful. However, in France, Italy, Den-
mark, Norway, Sweden, South Africa, Germany, and most far eastern countries,
composting is regarded as a very important process. The importance of com-
posting is that the organic fertilizer produced imparts moisture bearing
8Bellizia, op. cit., p. 160.
qualities to heavily worked soils in a way that no other fertilizer has been
able to duplicate. At the present time research is under way in the United
States that seeks to produce a fast (1 to 2 day) composting process. This
high rate process promises to dispose of organic household wastes in a
simple way that will permit small communities to produce a fertilizer worth
approximately $20.00 a ton. Compost produced at housing developments can
be easily disposed of because it is the most valuable type of fertilizer
for the truck farms that are located adjacent to urban areas.
Incineration as a method of waste disposal is recognized as most neat
and quick. Actually its neatness depends to a great extent on the design,
maintenance, and care with which refuse is segregated. Odors, fly-ash, and
smoke are always problems in the use of incinerators. The cost of incinera-
tors is quite high, about $2,000.00 to $2,500.00 per ton capacity, and opera-
ting costs range from $1.50 to $3.00 per ton.29 Incinerator ash and non-
combustible refuse must be disposed of, and this is usually accomplished
by open dump or sanitary fill methods.
Energy Supply
Rational use of fuels in the home means a great deal to the national
economy as well as to the individual householder. The energy resources of
the United States are very great, especially when wind power and solar
energy are included. However, the amounts and qualities of the different
forms of energy vary in their location in the country as well as in their
quantities. At the present time the exhaustion of supplies of certain
types of fuels poses problems not only in substitution of fuels, but
29Ibid., p. 163.
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in the premature obsolescence of equipment designed to use exhausted fuels.
The large specialized demands for wartime fuels accelerated the normal devel-
opment in this direction. A sudden need for conversion of all oil burning
furnaces in American homes to another fuel during a war would be a national
disaster. In addition, efficient energy utilization means lower operating
costs to the home owner.
The performance factor of a fuel is the relation of the weight of
the fuel and its conversion equipment to the power output. This factor is
very important for all kinds of mobile users of energy, such as automobiles,
airplanes, and railroad loccaotives, but is not of importance in fixed
installations. The efficiency factor of a fuel is purely physical and is
measured in calories. The important economic and technical considerations
are not evident from these two factors, and it will be necessary to evalu-
ate the real total efficiency in a way that includes considerable empirical
information.
The total efficiency of an energy system is defined by four compon-
ent efficiencies, the first of which is the production factor. This includes
consideration of methods of obtaining the energy through mines, wells, solar
collectors, etc., and is highly affected by improvements in techniques.
The second factor is the transportation factor which refers to the relation-
ship between total fuel efficiency and the fom of the fuel and the distance
it must travel for utilization. The greater the distance that a fuel has
to be transported, the higher its efficiency factor must be. The third fac-
tor is the efficiency of transformation, referring to the conversion of
the potential energy into heat or mechanical energy as required. This fac-
tor reflects the difference in operating cost which occurs with the use of
well designed and badly designed equipment. The efficiency of transformation
is also affected by factors other than those concerned with the economical
use of energy, such as actual fuel costs which include taxes, depreciation
of equipment, and the cost of repair and maintenance, including both labor
and materials. The fourth factor is very difficult to evaluate since it
takes into account various matters of individual taste, including the sounds
from the operating equipment, the odor of the fuel, the storage and handling
problems connected with the various fuels, etc. This factor is sometimes
called the facility of use factor.
The energy used in houses is of four physical types: solid, liquid,
gas, and electric current. A great number of types of solids are used, but
most of them (corncobs, sawdust, peat) do not contribute appreciably to the
total amount of solid fuels in use. The principal solid fuels are coal and
wood. Coal, including coke, provides nearly half of the heat used in Amer-
ican homes. Wood provides over 15% of our domestic heat requirements, and
liquid fuels, principally fuel oil, but including some gasoline, provide
about 20%. Natural and manufactured gas provide another 10/, and electri-
city provides approximately 1% of the domestic heating requirements.
The energy source selected for heating has depended largely on the
cost of the fuel in the particular community. The emotional appeal of
advertising phrases such as 'solid comfort,''safe heat,' and 'easy credit'
also has an important effect on the selection of energy types. The trend
in heating, however, has been toward more compact equipment, which favors
oil and gas because the need for storage is reduced, and electricity because
it requires no combustion equipment and no storage facilities. The trend
toward greater ease of handling, automatic control, and smokeless fuels
has also favored oil, gas, and electricity. The impending exhaustion of
oil and gas reserves may leave electricity as the only desirable source of
heat for housing. This is now true in Norway, where the cost of locally
generated electricity is below the cost of imported fuels and superior to
the use of wood. Only temporary restrictions due to lack of sufficient
power stations and distribution circuits prevent a universal change to use
of electricity in the urban areas of Norway. 3 0
For cooking the choices of fuel are the same as for heating. The
trend toward cleanliness and controllability has limited this energy appli-
cation to a choice between gas and electricity. Electricity has a great
advantage in its facility for automatic operation. Refrigeration equipment
may also be operated on gas or electricity, and electricity is favored
slightly by broader consideration of future exhaustion of gas reserves.
The overwhelming advantage of electricity over all other energy
sources has been in the provision of artificial lighting. Standards of
artificial illumination are based on the use of incandescent and fluores-
cent electric lamps. The provision of electricity to every dwelling unit
for artificial illumination is regarded as a necessity by the Committee on
the Hygiene of Housing.31 After initial electrification of housing for the
sake of artificial illumination, a whole series of new conveniences and new
recreational possibilities developed. Today more homes are served with elec-
tricity, either by utility companies or by private generating units, than
are served by adequate water and sewerage facilities.
In addition to the types of advantages just referred to, electric
current offers one additional advantage that should become very important
30Holmgren, Hals, and Lindemann, "Use of Electricity as a Heating
Agent in Norway," a paper prepared for the United Nations Scientific Con-
ference on Conservation and Utilization of Resources, p. 8., mim.
31Committee on the Hygiene of Housing, o. cit., p. 21.
to housing in the near future. This advantage stems from electricity's
ability to integrate the power potential of both firm and infirm energy
sources. This ability will be more important with the expected cost increase
of oil, gas, and coal due to depletion of high quality reserves. The firm-
ing ability of electricity as the transportation medium in an integrated sys-
tem will also permit wind power and solar energy to be profitably employed.
If the fuel reserves in the United States continue to be used at the
present rates of speed, they will be exhausted in the following periods of
time:
Petroleum . . . . . 12 years32
Natural gas . . . . 37 years
Coal .... . 1840 years.
These figures vary when reported by different authorities, but the differ-
ences are slight. The stipulation that the present rates of use must con-
tinue is not very enlightening since the rates of use have been increasing
rapidly. These figures also fail to take into consideration large quantities
of oil shale which will extend the oil reserves for a much longer period of
time. However, to refine oil shale or to produce synthetic oil from gas is
far more costly than the production of fuel from petroleum.
It is evident that in a very few years the scarcity and increasing
cost of oil will make its use prohibitive for heating houses. The supply of
natural gas, although not as scarce as petroleum, will decrease rapidly after
the exhaustion of large petroleum producing fields because synthetic oil is
most readily produced from natural gas.
32For the last several years new oil reserves have been discovered at
about the same speed as depletion of old reserves. These new reserves, how-
ever, are usually more inaccessible and involve greater production costs.
Coal used in stokers may increase in use; however, future increases
in railroad freight rates and improverents in miners' wages may add still
further to the rising cost of coal. The cost of manufactured gas varies
with the cost of coal, and because of its odor is not a well liked fuel.
Table No. 16, gives the results of a 1946 survey of homes to be
erected that year, showing for 52% the use of gas was contemplated; for 21%,
oil; and for 27%, coal. The high percentage of gas preference was probably
not due so much to fuel preference as to the low cost and availability of
gas heating equipment, since the majority of the installations were floor
furnaces and space heating stoves.
Table 16
Fuel Preference for Domestic Heating
Coal Oil Gas Total
New England 30% 55% 15% 100%
Middle Atlantic 32% 22% 46% 100%
East-North Central 51% 11% 38/ 100%
West-North Central 26% 15% 59% 100%
South-Atlantic 30% 48% 22% 100%
East-South Central 51% 17% 32% 100%
West-South Central 1% 3% 96% 100%
Mountain 20% 19% 61% 100%
Pacific 5% 17% 78% 100%
Total United States 27% 21% 52% 100%
33Shuman, L., "Fuel Consumption in the Home," Technical Bulletin No. 8,
Housing and Home Finance Agency, p. 165.
At the present time installation of oil burning equipment and gas
burning equipment is occurring on a large scale. Each passing year as the
supplies of these fuels dwindle, the probability of premature obsolescence
of this equipment increases. It would be of great value to prospective home
owners and to planners of public housing to know when it will no longer be
desirable to purchase oil and gas burning heating equipment.
Now when certain fuels seem to be diminishing in quantity to the
point where they will no longer be useful as dependable sources of energy
and when a score of new techniques for providing energy seem about to be
introduced, the advantages of an integrated energy system should be consid-
ered. An integrated energy system would permit the use of infirm energy
sources as well as firm sources, and storage of energy would occur within
the system. New developments in techniques of energy production could be
incorporated without change in the utilizing equipment in the home. The
transmitting medium would be electricity which is essential to every home
for illumination and performs energy consuming tasks in the home with greater
facility than all other energy forms.
The objectives of an integrated energy system must be founded on
broad social and economic principles. The system will be organized to serve
an entire area or region by supplying power in quantities proportionate to
the developing needs of the region. It would have the ability to integrate
a variety of sources of energy to insure supply in the most economical man-
ner. The advantages to the nation of rational -energy utilization would be
realized through such a system's capacity to contribute to area-resource
conservation.
The development of an integrated system would be influenced by the
availability of saources of water power, cheap coal, or some other fuel, and
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at the same time the selection of the most suitable methods of exploiting
these energy sources would be influenced by the demands for power placed on
the system. The promotion of supply in the most economical manner would
require the ability to exploit inherent capital cost advantages of large vol-
ume production and the smoothing out of peak load demands over a large region.
Operating cost advantages would be incorporated through freedom in the selec-
tion of techniques for conversion. Cheap coal could be burned in the mine or
at the mouth of the mine and the power transmitted electrically to the point
of consumption. All generating sources would be interconnected through the
transmission system, and the system would be able to supply all load areas
regardless of the failure of any particular generating center.
If wind power, solar energy, or atomic energy can be developed to be
of econamic significance, the existence of an integrated system could be of
great help in bringing these schemes into practical application. The well
known obstacle to the application of wind power is the internittency and
indefiniteness of the wind. The same sort of obstacle exists with the use
of solar emergy since storage of energy for night and long periods of
cloudy weather makes it necessary to couple solar energy with a firming
energy source. These problems are overcome by treating the wind and the
sun as auxiliaries to the power supply of an integrated system.
Electric power rates in most parts of the country today are so high
that electricity is not used for space heating. Domestic electric rates in
the Pacific northwest and in the southern states that have been influenced
by the T. V. A., are approximately half the rates in New England. In these
low rate areas electric heating is already in use with extensive increases
in use expected in new building. The developnent of integrated systems in
the high rate areas would promote electric heating in these areas also.
Operating on electricity the heat pump can conserve 25% to 50/ of the
power that would be necessary to heat a house with resistors. Already there
are more than 200 domestic heat pump applications. These applications have
been received enthusiastically where sumer cooling is in effect in addition
to winter heating.
At present it seems as though the imediate future of energy supplies
to houses can best be satisfied by exploitation of energy sources on a regio-
nal or area-wide basis with the transportation of power to the point of use
by electrical transmission. The electrical rate reduction that has followed
campetition between private and public companies in some parts of the country
already can happen in most other regions. In planning for electrical space
heating, the inherent efficiency advantage of heat pump operations will reduce
the cost of house heating to a competitive position with other fuels.
The cost of heating by various methods can be compared by determining
the cost per million B.T.U., obtained by each method, using the following for-
mula:
1,000,000 x cost per unit
* B.T.U. per unit x efficiency
Heat pump efficiency = coefficient of performance
Resistance heating efficiency a 1.0 (theoretical)
In Table 17,34 there is a presentation of the costs of heating by
various methods, using the preceding formula. It can be seen that the heat
pump is competitive with all methods except the cheapest coal or natural gas.
Table 17
Comparative Costs of Heating Methods
Cost per Unit Cost per Million B.T.U.
Electrical resistance l1 per kw. hr. $ 4.41
Electrical resistance 2/ per kw. hr. $ 5.81
Heat pump cp=4 l1f per kw. hr. $ 1.10
Heat punp cp:4 2/ per kw. hr. $ 1.47
Heat pump cp:5 lif per kw. hr. $ .88
Heat punp cp:5 2/ per kw. hr. 1.17
Heat pump cp:6 1-f per kw. hr. $ .735
Heat pump cp:6 2/ per kw. hr. .98
Coal, 12,000 B.T.U.
per lb. $10. per ton $ .69
Coal, 12,000 B.T.U.
per lb. 15. per ton $ 1.04
Oil, 140,000 B.T.U.
per lb. 8/ per gal. $.952
Oil, 140,000 B.T.U.
per lb. 10/ per gal. $ 1.19
Natural gas, 900 B.T.U.
per cu. ft. 40/ per 1,000 cu. ft. $ .741
Artificial gas, 550
B.T.U. per cu. ft. 70/ per 1,000 cu. ft. $ 2.12
Note: (1) Fuel burning efficiencies taken as 60%.
(2) Coefficient of performance = cp.
34 Sporn, Ambrose, & Baumeister, Heat Pumips, pp. 148-149.
The cost of equipment and installation for a heat pump system is nor-
mally greater than that for a conventional system. However, a heat pump
installation is a heating and cooling system, and the conventional system
provides heat only. When the cost of a heat punp is compared to the total
cost of both heating and cooling systems of conventional types, the heat
pump has a distinct advantage. Another reason for the present cost of the
heat pump is that each system installed to date has been individually
designed and then assembled fram standard mechanical apparatus. There is
no reason why volume production of heat pumps will not reduce the cost of
this equipment materially.
Circulation System
The organization of the circulation system and the design of walks,
streets, driveways, and parking spaces are not included in the scope of
this study; however, these problems are related to those I have undertaken
and should be mentioned.
The street is frequently used as a unit of utility installation. In
Chapter III, in the example of the utility cost for some new housing in
Natick, a unit price was developed for a running foot of street. The Istreet'
may include, in addition to grading and paving, water mains, sewer mains,
storm water drains, manholes, fire hydrants, gas mains, street lighting, and
electric lines. In new housing developments it is difficult, if not impos-
sible, to determine to what extent excavation and grading can be apportioned
between the street surface and the network of utilities under the street
surface.
In Chapter III, Figure 8, the curve representing the cost to the muni-
cipality that can not be assigned to individual dwelling units is a good
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indication of the intense under-street development that occurs in high den-
sity housing developments. The increase in cost as the curve moves toward
the region of lowest density reflects the expense of streets that serve
relatively isolated dwelling units, even though the utilities under the
street may dwindle to nothing. The increase in the cost of the second curve,
the cost of utilities that can be assigned to individual units, as the curve
approaches the region of lowest density, shows the gradual emergence of the
utilities from the municipal system in the street onto the individual home
site.
The street is also an essential component in certain of the utility
services mentioned previously in this paper. The usual practice of garbage
and refuse removal by trucks is based on convenient street service to houses.
The maximum distance from street to house considered to be good practice for
refuse collection service is 200 feet. 35 Deliveries of coal and oil by
truck also depend on their being able to came to within 100 to 200 feet of
the storage point for these fuels. The trucks used for these purposes are
much heavier than other vehicles using residential service streets and drive-
ways. The expense of the construction of pavements adequate for maximum
loads has been a factor that has influenced housing density. The row house
type of multiple family dwelling unit reflects the desire to have a minimum
of street pavement where every dwelling unit has its ovm plot of ground.
The recent announcement of the selection of calcium acrylate as the
best stabilizer for earth,36 suggests that it may soon be possible to pre-
pare surfaces of secondary roads and driveways at low cost. This chemical
3 5 Camuittee on the Hygiene of Housing, op. cit., p. 57.
36 Lambe, v. T., "Stabilization of Soils with Calcium Acrylate," Jour-
nal of the Boston Society of Civil Engineers, April 1951, pp. 127-154.
100
can cause remarkable changes in the engineering properties of natural soil.
The treatment consists of mixing calcium acrylate monomer with the soil
and then polymerizing the acrylate with a redox catalyst. A tough, flexi-
ble layer of soil results. This layer has considerable tensile strength
and can withstand the effect of water, and the properties obtained can be
varied within wide limits by altering the details of the treatment.
Although the cost of the necessary chemicals is high at present, vhen
production is undertaken on a broader scale than the present pilot plant
operations, the production cost should decrease. A process of earth stabil-
ization such as this offers advantages in reduced site labor, both in apply-
ing the surfacing and also in preparing the sub-base, since this procedure
would require less care than preparation for inflexible or low tensile
strength surfaces. Reducing road costs would also make possible more exten-
sive vehicular service to housing in low density areas.
The development of stabilized earth surfaces for secondary roads well
might lend emphasis to the need for research on individual water and sewerage
systems, since the reduced cost of roads would reduce the cost of low density
housing projects.
Equipment in the Home
The purpose of the utilities supplied to houses is to permit the oper-
ation of certain pieces of apparatus in the home that make possible the ful-
fillment of a number of the functions of a dwelling. The type of incoming
utilities affects the development, character, and performance of the equip-
ment. To a lesser extent, the type of equipment in the house affects the
development and organization of the utility supply system.
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A sink was included in the equipment of every kitchen even before
water was brought to the sink by pump or pipes. This piece of equipment
is basic for food preparation and care of utensils wherever food cleaning
and preparation chores are performed while standing up. The addition of
water at the sink through the use of a pump mounted on the drainboard or
through pipes bringing water fram a more distant pump, came as a conveni-
ent improvement to an existing necessitity.
The bathtub and the lavatory were used in the house in much the
sane way when water was carried to them in a pitcher or pail, as they are
today with piped water. The invention or reintroduction of the water closet
in the United States took place about 1810. This seems to have been an
improvement to the chamber pot similar to improvements for other pieces of
water using equipment.
The first water works in America was in Boston and was organized
about 1653. By 1800, the number of water works in American cities had
grown to twelve. At the time of the introduction of the water closet,
there were no sewerage systems, and sewage was flushed into cesspools
where it was collected, its liquid drained away, and its solid material
removed. The cesspools usually flooded after heavy rainfalls and the con-
tents flushed into the streets. Nevertheless the popularity of water
closets in cities increased and was undoubtedly responsible for municipal
sewerage systems, of which there were ten by 1860.
Until the recent introduction of the garbage grinder mounted under
the kitchen sink drain, there had been no improvement upon the covered con
in the removal of garbage and refuse from the house.
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Benjamin Franklin once wrote:37
In traveling I have observed that in those parts where inhabitants
can have neither wood, nor coal, nor turf but at excessive prices,
the working people live in miserable hovels, are ragged and have
nothing comfortable about them. But when fuel is cheap (or when
they have the art of managing it to advantage) they are well fur-
nished with necessaries and have decent habitations.
The cost of fuel remains today a primary consideration in the choice of a
heating system. Even though the cooking of food has been separated fran
the heating of the house for the sake of convenience and control, the ten-
dency toward automatic heating equipment reflects the savings in fuel cost
due to more efficient combustion as much as it reflects an increase in con-
venience.
The introduction of electric service to houses following the invention
of the incandescent lamp has done much more to change patterns of living than
the introduction of any other utility service. Satisfactory artificial light
has extended the period of daytime activity far into the night. Availabil-
ity of electric current has brought about many conveniences and efficiencies
in addition to lighting.
The Committee on the Hygiene of Housing, of the American Public
Health Association, recently published a summary of requirements for equip-
ment that will provide acceptable standards of service. This summary, Con-
struction and Equipment of the Home, was published this year and is a valu-
able guide for architects and housing planners. However, the equipment that
may be the best today is designed not only to perform certain tasks but to
fit into traditional concepts of the house and the way 'things are done.'
The developments that may come in the next ten or twenty years will reflect
the slow evolution of the desire for improved living conditions. Improvements
37 Quoted in Shuman, op. Cit., p. 161.
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will be weighed against the cost of equipment, the ease of handling, the
degree of control and cleanliness, and the cost of premature obsolescence of
existing equipment.
In general, it seems that changes or improvements in the utilities
supplies of housing follow a development in the home and fulfill an estab-
lished need. Listed below are the present trends in the evolution of the
equipment in the home:
Heatin The trend is toward compactness, ease of handling the fuel,
and automatic control. All of these factors seem to favor a shift to elec-
tric heating as soon as more parts of the country receive lower power rates,
or the cost of gas and oil increases considerably as anticipated.
Ventilation. With the possibility of tightly sealed houses not too
distant, ventilation will require special equipment instead of being inci-
dental to heating or daylighting.
Lighting. Electricity is essential for present and probaoly future
lighting standards.
Sanitation. The major portion of sanitation research has been devoted
to the large municipal system. At the present time satisfactory service to
small communities is based on the extension of municipal systems or in the
construction of a scaled down version for the small community. Water car-
riage seems to be fundamental to the municipal system. The design of sani-
tation equipment in the home in the near future will probably improve only
the shapes, locations of control knobs, and cleanability of existing types
of equipment.
Kitchen Eq The most important trends in cooking equipment
are toward controllability and automatic operation, with electricity favored
for control. Electricity is fostering the breaking down of the cook stove
b __ _... May"Mmi- -_ - --- - -
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into more convenient and specialized units such as toasters, roasters, and
broilers. Electric refrigeration for food preservation will continue the
breaking down of the icebox into more specialized ccmponents for temperature
zones and types of packaging.
Laundry & Household Equipnent. The tendency toward introduction of
automatic equipment for garbage grinding and purely work tasks such as dish-
washing, clothes washing, and clothes drying will continue. Development of
detergents formulated for specific applications and the use of fractional
horsepower motors for arduous tasks may decrease the volne of water used,
but will increase the reliance of the home upon electric current.
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Chapter V
A CASE STUDY - CONANTUM IN CONCORD, MASSACHUSETTS
History
Carl Koch, Architect; Joseph Kelly, Builder; and W. Rupert MacLaurin,
Professor of Econcaics at M. I. T., in the fall of 1950, formed a corporation
to buy raw land in the suburban fringes of Boston and to develop housing
on this land. The corporation, New Towns, Inc., is set up as follows: Mr.
Koch, the architect, prepares plans and working drawings, confers with hamne
buyers and coordinates the projects; Joseph Kelly, the builder, acts as
general contractor for the construction of the houses; and W. Rupert Mac-
Laurin purchases the leand and acts as entrepreneur.
The first site selected for development is a 190-acre tract in Con-
cord, Mass., between the Sudbury River and Sudbury and Garfield Roads. The
location of this site is shown in Figures 9 and 10.
The selected area of Concord has been zoned for residential use and
a density of about six persons per acre. The minimum lot area according to
zoning regulations is 40,000 square feet and the minimum frontage is 150
feet.1 The selected tract contains examples of all the physical character-
istics of Concord's topography. There are hills, ridges, bedrock outcrop-
pings, ponds, springs, brooks, ravines, and comparatively flat fields.
Much of the land is covered by a dense growth of deciduous and evergrees
trees, and there are some openings that are completely free of trees. All
the land is within the drainage basin of the Sudbury River.
1Towni of Concord, Mass., "Zoning By-Law," p, 17.
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The Concord development was known originally as the Concord Coopera-
tive. First public announcement of the New Towns plan was made by the fol-
lowing card that was distributed to faculty members of M. I. T. and Harvard
University.
Do you want to live in the country?
If so would you like to join the Concord Cooperative?
We have a 180 acre tract on the Sudbury River being planned
for about 60 families for June occupancy. There will be
several 2, 3, and 4 bedroam house designs planned f or later
possible additions. Viinimum cash payment for 2 bedroom
house as low as $900. Total cost of 3 bedroam house and
land will be as low as $11,000; rent equivalent about $60
per month under proposed financing plan.
Preliminary meeting at the office of New Towns Inc., 57
Brattle Street, Cambridge, Mass. 8 P.M. Thursday December
21. If you can't come but are interested, write New Towns
Inc. at above address.
As a result of the meetings in December and January, seventy-eight
applications were accepted and thirteen persons retained on a waiting list,
January 25, 1951. With such assurance of sale of land and houses, New
Towns, Inc., made arrangements to complete the purchase of 190 acres. This
arrangement was announced in Newsletter No. 1.
With land purchased and home buyers interested, studies were initiated
to determine the basic lot price. Sewage disposal by means of septic tanks
was decided upon initially. Since the septic tank is to be charged to the
individual house, its cost has no bearing on the lot cost. Four possible
solutions for water supply were considered. They were: individual wells,
town water, a central cluster of wells, and a central cluster of wells with
a standpipe for storage. In addition to water supply, the road system affects
2 New Towns, Inc., "Newsletter #1 from Concord," p. 1.
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the basic lot price.
A questionnaire was sent to hcme applicants the week of February 5,
to determine preferences for the various house types. Seventy applicants
answered the questionnaire and indicated a preference for forty-one differ-
ent house types out of a possible forty-four choices. Only one of these
choices was for a basementless house, although there are at least twenty
lots which are difficult or impossible sites for basements because of slope,
water table, or ledge.3
On March 24, 1951, a list of house prices was released. These prices
were firm bids on which contracts were signed up to April 17, 1951. The
basic lot cost was not included as it had not yet been accurately deter-
mined. Prices of the houses were higher than originally intended and also
the cost of land appeared to be becoming greater than expected. The three
principal reasons offered for the higher house prices by New Towns, Inc.,
were: the great variation in the selected house types, the unexpectedly
high cost of sewage disposal due to the 'interest' of Concord, and some
increases in the price of building materials.4
By the April 17th deadline for use of house prices in the March 24th
listings, forty-eight sales agreements were signed. This number made pos-
sible the beginning of the building process.5 A new entity known as the
Conantum Realty Trust was established at this time to act as the contracting
agency of this project for New Towns, Inc.; it has three trustees who are
Carl Koch, Fritz L. Day, Jr., and Joseph Kelly. As soon as the sales agree-
ments are signed, the titles to the lots in question are turned over to the
3 New Towns, Inc., "Concord Cooperative Newsletter No. 7," p. 3.
4New Towns, Inc., "Newsletter No. 9," p. 3.
5Conantum Realty Trust, "Newsletter No. 11," p. 1.
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Trust by W. Rupert MacLaurin, who receives in return an unsecured note.
Mr. MacLaurin, as president of New Towns, Inc., remains active in the pro-
ject as entrepreneur, guarantor, and endorser to the banks and the Planning
Board of Concord, and as holder of the residual land.
The sales agreement mentioned includes the following stipulations.
Conantum Realty Trust will provide at no expense to buyers, suitable roads,
streets, and turnarounds as shown on the plans, that are in accordance with
the requirements of the Town of Concord. The buyer agrees that he will pay
to Conantum his proportionate share, calculated on an acreage basis, of the
cost of road maintenance as long as the roads remain private. The buyer
also agrees to pay a sum of money in addition to the cost of land for the
establishment and operation of a water company, and agrees that he will not
drill a private well on his land, but will use the water supplied by the
water company. The sellers agree to reserve the land indicated on the plans
as common land for recreational or farming use, and to give up this land,
upon the demand of the buyers of at least 80 lots, to a corporation to be
formed by these buyers, providing the corporation reserves one share for
each buyer, present or prospective, and shall agree to keep the land for
recreational and farm uses of all of the buyers. The buyers agree to con-
tract with Conantum Realty Trust for the erection of houses designed by
Carl Koch and Associates, for the Trust.
At a meeting held May 7, 1951, a series of votes by the representa-
tives of the buyers selected the name of Kalmia Woods for the development,
and Kalmia Woods Corporation for the association. By this date fifty-one
families were planning to move into the development.
The well field to supply water for the project had been drilled in
March; work on the roads was to begin in June.
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The number of persons still going ahead with their plans to enter the
project was less at the time construction began than the number of original
applicants. The principal reason for many of the withdrawals was the
increase in the cost of the developnent. The house prices increased slightly
for the reasons mentioned before. In addition, many people wanted the
larger houses and with many variations, and were unable to afford more than
the costof the basic house. The most important increase in costs was in
the prices of the lots. Originally the basic lot price was conceived as
under $1,500.00, but the estimated lot cost at the time that the sales con-
tracts were signed was $2,200.
At the end of August, work on the water distribution system, the
roads, and the water storage tank was well under way. Foundations were
being placed for many of the houses, and one house was being rushed to com-
pletion to provide a demonstration to aid in the sale of the remaining lots.
A total of seventy-eight lots had been sold and fifteen additional houses
were being ccmpleted for speculation.
The Cost of Utilities
The profit to be realized from the sale of land increases rapidly
after the first large block of lots are sold. This is shown in Table 18.6
The figures in this table are approximately correct as of the first week
of July, when the major decisions on the water system and roads had been
made and construction had begun.
6 Stated by Werner Gumpertz, Project Engineer, Conantum Realty Trust,
in an interview with the author at the office of Carl Koch and Associates,
July 12, 1951.
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Table 18
Profit Estimate on Sale of Land, Conantum
59 Lots
$ 40,000.Cost of land
Water supply system:
Wells, connections, &
suction lines
Distribution
Rock blasting
Tank
Punps, house, &
treatment
Misc. prof. serv.
Future extensions
Roads:
Currently planned
Heath's Bridge Road
Extra rock excavation
Professional services:
Site planning (Koch)
Engineering (Kelly)
Consultant (Stanley)
Water system (Rich)
Survey (Hillyer)
Misc. expense:
Legal
Office & travel
Publicity & displays
Small services & taxes
Planning Board fee
$ 7,142.
36,866.
2,000.
17,895.
20,000.
200.
41000.
$35,000.
8,500.
2,000.
$109000.
6,838.
200.
21500.
1,036.
$ 2,500.
631.
772.
580.
212.
92 Lots
$ 40,000.
8 6 , 1 0 3 
b
37,000. d29,874*
20,574.
4,695.
20,574.
4,695.
Total cost of land
Total inccane (selling price)
Less total cost of land &
development
Total estimated gross profit
$179,246. $188,372. $198,82
$166,900. $262,300. $299,100.
179,246. 188,372. 198,872.
($ 12,346.) $ 73,928. $100,228.
Notes:
a. The cost of the water supply system for the development of 59 lots
does not include allowance for future extension of $4,000.
b. The cost of the water supply system for the development of 92 lots
includes only one-half the allowance for future extension, $2,000.
c. The cost of roads for 59 lots is composed of one item only; currently
planned, $29,874.
d. The cost of roads for 92 lots does not include cost of Heath's Bridge
Road, $8,500.
106 Lots
$ 40,000.
88,103.
45,500.
20,574.
4,695.
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Assuming the sale of ninety-two lots, the cost of the utility devel-
opment in the land to the hane owner is arrived at in the following para-
graphs, according to the analysis in Chapter III, of this paper.
The first cost to be considered is that which will be borne by the
Town of Concord and charged to the owner through taxes. As indicated by
the Town's Special Plans Committee, Concord would have to improve certain
facilities regardless of the Conantum development. Sudbury Road and Gar-
field Road are slated for improvements. The need for greater primary school
facilities in the immediate future is recognized. The town's water supply
system is undergoing extensive remodeling and improvement. Improvements
to the sewerage works will follow after the completion of the water works
program. It is, therefore, very difficult to determine the extent that
these improvements will be hastened or otherwise affected by the Conantum
development. Although the only utility that Concord will provide for Con-
antum is electric power, still it is believed that Concord has discouraged
the construction of these low cost homes because of the cost of their off-
site development to Concord. It is apparent that the Town regards the taxes
on the assessed valuation as too low to compensate for this off-site devel-
opnent. Lexington and Concord evidently consider homes valued at $14,000.00
to $18,000.00, as of the 'break-even' cost type, and they have not encour-
aged the construction of houses at lower cost.
As shown in Figure 8, page 55, the off-site cost to the municipality
of utilities for housing whose density is lower than 1.5 to 3 dwellings per
acre is less than the cost of the utilities that can be assigned to indivi-
dual houses. In the case of Conantum, it will be assumed that this cost is
half of that of the site development, excluding the utilities on the
7Special Town Plans Committee of the Town of Concord, iass.,
Annual Report, 1947, 138 pp.
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individual lots.
The cost of the utilities in Conantun outside of the individual lots
can be taken from Table 18, and is about .2,4 20.00 per dwelling. Increasing
this figure half again to allow for off-site costs, it beccmes $3,630.00
per dwelling. An analysis of the cost breakdowns of the various houses being
constructed at Conantum indicated a variation of frcm 20.4% to 31.3%, for
8
the cost of the utilities in the hcme and on the individual sites. Using
an average house price of $12,000.00 and a median utility cost percentage of
25.8%, the cost of the utilities on the lot and in the hone becomes $3,100.
The total cost ultimately paid for by the home owner for the initial provi-
sion of his utility service in Conantum is $6,730.
Water Supplies
The four possible solutions to the problem of water supplies that
were considered are: individual wells, town water, a central cluster of
wells with a community distribution system, and a system like the latter
but with a standpipe and fire hydrants.
The first possibility, that of individual wells, was quickly disposed
of. It was learned after several trial wells were dug, that an unexpected
niumber of the lots would not be suitable for individual wells. Also many
of the prospective buyers indicated an aversion to having the immediate
responsibility of their families' water supply. As studies of the other
types of water systems progressed, it became known that in some cases where
an individual well was possible, the development of an individual supply
8 These cost breakdowns are not included in this paper since many hcmes
are still for sale.
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would be less expensive than the community system eventually arrived at.
This may account for the stipulation in the sales cantract prohibiting the
development of individual water supplies and making purchase of water from
the community water company mandatory for all buyers.
The investigation of the prospect of supply of water from the system
of the Town of Concord also did not result in the solution accepted, although
it established some of the criteria for the final scheme. The Town of Con-
cord receives its water supplies from Nagog Pond in Acton and from Sandy
Pond in Lincoln. The use of Sandy Pond is shared with the Town of Lincoln,
and Concord's withdrawals fram this source are limited by law. Because of
the growth of population of Lincoln, this town has petitioned the state
legislature to end Concord's water rights in Sandy Pond. 9 The loss of Sandy
Pond would be serious to Concord at present, because its other water source
cannot satisfy the Town's needs. Although the possible daily withdrawal of
900,000 gallons from Nagog Pond is exactly the present requirements of Con-
cord, the condition of the pipes to this source permit withdrawal of only
about 750,000 gallons per day.10
Acting upon the recammendations in a report by Metcalf and Eddy in
1946, the Town sought to locate a supplementary source of ground water.
In 1947, an excellent ground water supply was located on the land of the
New England Deaconess Association on Larlboro Road about one mile from Con-
antum.. Tests of this source indicate that a probable supply of 1,500,000
gallons per day will be available from one well.11 The Metcalf and Eddy
report also demonstrated the need for extensive repairs and replacements to
9Officers of the Town of Concord, 1Mass., Annual Report, 1950, p. 160.
10Special Town Plans Committee of the Town of Concord, Mass., op. cit.,
p. 96.
1 1Officers of the Town of Concord, Mass., Annual Report, 1947, p. 291.
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the existing distribution system in Concord. These repairs and replacements
are under way at present. All of the large mains have already been improved,
and 60/ of the work outlined in the report is to be completed by 1953.
At the present time water service from the Town supply is available
about 1,500 feet away fram Conantum, as shown in Figure 11.2 However, the
size of the pipe and the pressure at this point are so small as to make
extension to Conantum impossible without additional equipment. The Town of
Concord did offer to supply Conantum with water, but Conantum would have to
pay the cost of the extension, the mains on the site, an emergency standpipe,
and punping facilities to supplement the low pressure in the Town's mains.
This plan would have resulted in greater costs than the development of an
independent system of supply. However, the possibility cf connection to the
remodeled Town system in ten or fifteen years made the prospective buyers
insist that Conantum's system conform to the Town's latest standards of water
distribution system construction.
The choice between the two types of conmunity ystems was a choice as
to whether the system would include fire hydrants and a water reservoir. It
was determined that the additional cost of the system including fire protec-
tion would be paid for in approximately fifteen years through the savings
of the protected rate for fire insurance.
The water system being installed was designed by Albert Rich, a con-
sulting engineer in Boston. The essential features of this system are:
a well field consisting of eight 21 inch diameter driven wells, a 175,000-
gallon covered concrete reservoir at the highest point on the land, a pump-
ing station with necessary punps and controls, two pressure tanks, a distri-
bution system in the roads that consists primarily of eight inch transite
1 2 Helland, Erling "A Planning Survey of Concord, Massachusetts,"
Department of City Planning, M1. I. T., p. 42A.
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mains with some six inch pipe at dead ends in cul-de-sacs, fire hydrants
every 500 feet of road, gauges, valves, blow-offs, and other necessary
devices. The water system thus provided is believed to be capable of pro-
viding an excellent domestic water supply and fire protection.
In the design of this water system it had been assumed that the ulti-
mate number of active consumers would be 100 families, and that the maximum
amount of water per day per user would be 750 gallons. If a pump operated
continuously, it would have to yield 53 gallons per minute to provide 75,000
gallons per day. The pumps actually selected provide 80 gallons per minute,
which allows a 50% safety margin. The average pumpage for the whole year
should be about 5,500,000 gallons, or about 150 gallons per day per user.13
To meet fire protection requirements the system must provide a flow
of 750 gallons per minute with a pressure of 20 p.s.i. at any hydrant. This
quantity of water for fire protection amounts to 45,000 gallons per hour and
is required for four hours, i.e., a total of 180,000 gallons. The standpipe
being provided at Conantum has a capacity of 175,000 gallons, and this will
satisfy the fire protection requirements if the pumps are operating simul-
taneously with the discharge of the standpipe. The modification of Conantum's
water system for fire protection added about 25% to the cost of the water
system.
The cost per capita for this water system is about $184.00, assuming
that an average of five persons will live in each house. This cost is almost
exactly the same as that indicated for communities of this size in Table 9,
page 47.
1 3Rich, Albert, Engineer, "Report of Yield Test of Permanent Driven Wells
for Vater Supply for New Towns, East of Garfield Road and Sudbury Road in Con-
cord, Mass.," March 1951, p. 2, typed. (Report available in files of Albert
Rich, Engineer, Boston, Mass., and at New Towns, Inc., 57 Brattle Street, Cam-
bridge, Mass.)
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Sewage Disposal
The need for assuring a minimum height above water table for drain-
age fields was one of the principal factors in the development of the site
plan. The large portion of land set aside as common land for the recrea-
tional and farming use of the community is low land. The elevation of this
land varies from the level of the Sudbury River, 117 feet, to 130 feet, and
is indicated as marsh land or swamp on all maps and surveys. Although this
land is unsuitable for houses, most of it is quite satisfactory for the pur-
poses assigned to it. The extent of the low land is shown in Figure 12.
Had a community sewerage system been planned, the unsuitability of low
lands for housing would be based on the increased cost of waterproofing
basements and slabs, and the need for sump pumps and drainage facilities.
Even though the land on which the housing is being built varies in
elevation from 135 to 250 feet, there are a number of problems in the loca-
tion of septic tanks and drainage fields. Ponds and springs occur on the
site at elevations up to 205 feet. The water table, slope of the land, and
bedrock outcroppings mentioned earlier as preventing basements on about
twenty lots, will also affect septic tanks and drainage fields. Since the
installation of the individual sewerage systems had not begun at the time
that this paper was written, it is not possible to evaluate the quality of
these systems. In answer to my questions as to the difficulties that might
be encountered, I was told that it was the hope of the Conantum Realty Trust
that some satisfactory arrangement could be devised for each lot at the time
of the installation of the sewerage systen.14
14 Stated by Werner Gumpertz, Project Engineer, Conantum Realty Trust,
in an interview with the author at the office of Carl Koch and Associates,
July 12, 1951.
uniquvuoo jo XqdVaBodol ?,T ami2ld
P.XIBTAZ).Io puv-cpoolo
pu o(I
as
Pupci
PUVTP 
ociv,
PUVIPOOM
duivxc
PTQTd
PUVTPOOM dul
122
It is apparent that the objections to individual water supplies for
this development could also be applied to individual sewage disposal systems.
These reasons would be: the unsuitability of same of the lots for septic tank
and drainage field installation, and the desire of the home buyers to avoid
using their amateur judgment in the problems of maintaining their families'
sewage disposal facilities.
William Stanley, Professor, Sanitary Engineering, M. I. T., who
acted as a consultant to New Towns, Inc., received permission from New Towns
to advise representatives of the Kalmia Woods Corporation on their sewage
disposal problems. 15 Professor Stanley told the Kalmia Woods representa-
tives that they should study the appearance of their lots to locate the wet
spots so that the drainage fields can avoid them. The Kalmia Woods repre-
sentatives were also told that the capacity of the septic tanks being sup-
plied will comfortably take care of a house with a kitchen and one bathroom.
Professor Stanley questioned the adequacy of the size of septic tanks being
used for the houses with two bathtubs.
In connection with the advice of Professor Stanley on locating wet
spots, it should be pointed out that the season for the highest water table
is in late spring and early summer. Professor Stanley's advice was offered
in May at a time when only 51 lots were sold. The installation of the sep-
tic tanks and drainage fields will occur in the late summer and fall, the
season offering optimum drainage conditions.
According to the data in Table 9, page 47, the cost of a community
sewerage system for Conantum would be about $90,000.00, or $978.00 per house.
The cost of the individual systems for Conantum will be about $250.00 per
house.
15 Kalmia Woods, "Committee Bulletin," May 11, 1951, p. 1
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16The report of Metcalf and Eddy to the Town of Concord in 1946,
shows their proposals for the sewers to be built at the earliest possible
time. As shown in Figure 13, two of the proposed early sewers come within
4,000 feet of Conantum. The development of the tract of land along the
Sudbury River by Conantum was not anticipated in the Metcalf and Eddy report
and, therefore, extension of the early sewers to a point closer to Conantum
may be possible if the recommendations in the report are carried out by the
Town of Concord.
Extension of the Concord sewerage system to Conantum would permit
considerable salvage of a community system, but no salvage value would occur
with individual systems. The total cost of sewerage systems with their sal-
vage value ultimately realized is indicated in Table 15, page 80. The like-
lihood of extending the sewers is very small for the immediate future, and
the attitude of the Town of Concord is expressed by the following excerpt
from the report of the Special Town Plans Committee.17
With the exception of a limited number of extensions of the present
system, expansion of the sewerage system to serve additional areas
will be achieved only at considerable expense, since not only new
laterals but also new mains, laid in some cases at considerable
depth, will be required. Since improvement of the water system,
which has been allowed to deteriorate for a number of years, con-
stitutes a more pressing need, extensions of the sewerage system
should be restricted to the minimum compatible with the preservation
of sanitary conditions throughout the town.
16Metcalf and Eddy, Engineers, "A Comprehensive Survey of the Sewerage
Requirements' Appendix.
1 7Special Town Plans Committee of the Town of Concord, Miass., Annual
Report, 1947, p. 105.
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The Special Town Plans Committee also made the following recommendation. 1 8
In some low lying areas of the Town, the high water table and the
character of the soil make the use of septic tanks and cesspools
unsatisfactory and unhealthy. Since the extension of the sewerage
system to sewer these areas would saddle the Town with a prohibi-
tive expense, their future use for building purposes should be pro-
hibited by an amendment to the Building and Plumbing Codes.
The 'interest' of the Town in Conantum's sewage disposal system is partly
due to the fact that much of Conantum's land is low lying.
It appears, therefore, that the total difference between the cost
of a community system and the cost of individual systans, which may be
assumed to be $528.00 per house, would have to be weighed against the advan-
tages of a cnmunity system. There is no evidence to indicate that the buyers
of homes in Conantum are dissatisfied with the prospect of having septic tanks.
Garbage and Refuse Disposal
The Town of Concord has been contracting with farmers for the collec-
tion of garbage. Three contracts were awarded in 1950 for garbage removal,
but the Town found that it could have the garbage collected at lower cost
under one contract. When all of the present contracts expire on May 1, 1952,
a single contract will be made for the garbage collection of the entire
town. 9 At the present time the part of Concord in which Conantum is situ-
ated has its garbage removed by Henry Anderson of Acton, Mass., who uses the
garbage to feed his pigs. This contract requires that Mr. Anderson collect
all of the garbage in this portion of Concord regardless of whether or not
1 8Ibid., p. 103.
190fficers of the Town of Concord, bMassachusetts, Annual Report, 1950,
pp. 119-120.
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the access roads to the various homes have been accepted by the Town.20
There is no public provision for refuse renoval in Concord at the
present time. There also has been no attempt to include facilities for
refuse disposal in Conantum thus far. Apparently the buyers of houses in
Conantum will have to devise some method of refuse disposal by themselves
after occupying their new hcmes. The disposal of garbage and refuse has
always been a difficult problem for the planner of housing in developments
away from municipal collection service; frequently the planner ignores this
problem.
In the planning of Conantum it was assumed that the garbage collec-
tion contracts for Concord would also cover Conantum. Garbage disposal
might have been afforded through the use of garbage grinders. This would
have required a larger septic tank as well as a garbage grinder and would
have increased the cost of each house about $200.
Same portions of the refuse of the residents of Conantum, such as,
paper, rags, and reusable containers may have enough value, so that peddlers
might call occasionally and attempt to purchase these items. However, satis-
factory collection service must insure regular removal of valueless and
valuable refuse. The people living in Conantum would 1ave to pay a private
scavenger to be certain of such satisfactory collection service. This is
a cost that has not been included before in any of the operating cost esti-
mates for Conantum.
As an alternative to hiring private scavengers, refuse may be disposed
of on the site. Combustible material must be burned at least once a week.
However, the operation of snall incinerators is never completely satisfactory
because some food always is present with other refuse, and problems of odor
20 New Towns, Inc., "Newsletter No. 9", pp. 5-6.
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occur as well as problems of smoke and fly-ash. Individual incinerators
also pose problems of fire hazard and accidents. The Committee on the Hygiene
of Housing recommends that individual disposal of combustible wastes can be
21
considered tolerable only if there is no alternative method. Noncombus-
tible refuse, such as tin cans and bottles may be buried on the site, and
it is advised that they be flattened, broken, cleaned, and buried under a
foot of earth. This chore ill not be well received by those people in Con-
antum who are used to 'city comfort.' In low density areas such as this,
where municipal service is not, or can not be provided, the prevention of
indiscriminate dumping of rubbish becomes a problem for local health auth-
22
orities that can only be solved by education, inspection, and enforcement.
All organic refuse may be disposed of by composting. In many parts
of the world this method would unquestionably be used in a situation such
as Conantum. however, all of the methods of composting currently in use
require either very long periods of time or a great deal of labor to stir
the stabilizing mass of the compost heap. For these reasons composting
has never become popular in the United States except with those horticul-
turists who prefer compost as a fertilizer.
The storage of garbage and refuse prior to collection or disposal on
the site is a problem that seems to be neglected in the design of Conantum.
The houses in this project are compactly designed and there is insufficient
space for storage of more than a day's collection of dry refuse. The gar-
bage receptacle in the kitchen will probably have to be emptied once or
twice daily. If portions of the wastes are disposed of in an incinerator
or by composting, storage still has to be provided for the other portions
of the household's wastes.
2 1The Committee on the Hygiene of Housing, Planning the Neighborhood,
p. 21.
22
Ibid., p. 21.
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Regardless of what type of storage is used, the distance that the
wastes are to be carried to the storage place should not be greater than
200 feet.23 The price of a house at Conantum includes 100 feet of drive-
way and, therefore, nearly all of the houses are within this distance of
the road. Collection of garbage by farmers under contract to the Town of
Concord and collection of refuse by hired private scavengers seen to be the
most satisfactory methods of disposal currently available to the people of
Conantum. Therefore, a storage place at the road seems to be best as it
is not too distant from the houses, and the wastes can be readily collec-
ted without intrusion by the collectors into the privacy of the occupants
of the houses.
If the storage receptacles are kept at the road, they should be
designed so as not to detract from the appearance of the development. Sun-
ken pails are the least unsightly storage containers for garbage and refuse.
These containers can not be upset by children or animals. Sunken pails
that are properly designed with hinged covers and adequate provision for
preventing spillage of material between the container and the pit, promote
easy cleaning and provide for drainage of water that tends to collect in
the pit. These very satisfactory storage receptacles are manufactured in
units including a pit lining, a removable pail, and a hinged cover.
The place where the waste receptacles are installed should be paved
or covered with gravel and sloped slightly for drainage so that it can be
easily kept clean. Since large objects and same bulky containers may be
placed in the area of the storage receptacles for removal by the scavengers,
a low screen or planting would aid in maintaining a tidy appearance in the
development. A sketch design for a screened storage area is shown in Figure 14.
23Ibid., p. 20.
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Energy Supply
Electricity for Conantum will be provided by the Concord Municipal
Light Plant, which purchases current from the Boston Edison Company. The
Concord Municipal Light Plant has been making a continuous extension of its
facilities, and in the past five years the annual kilowatt hour output to
customers has doubled.24 The installation of new poles and main feeders is
a routine operation to this organization and, therefore, Conantun has exper-
ienced no difficulty in obtaining electric service to satisfy its require-
ments.
The Boston Consolidated Gas Company offered to install gas mains if
a substantial number of home buyers would guarantee to use gas for space
heating as well as for ranges, refrigerators, and hot water heaters. The
results of a questionnaire mailed to applicants indicated insufficient favor
for the use of gas for space heating,25 and, therefore, gas service will not
be provided.
Oil will be used as fuel in the furnaces to be installed in Conantum.
The oil burning furnaces will cost slightly more than gas burning furnaces,
but the operating cost with oil will be about 10% less than the operating
cost with gas. Changes in fuel price due to the depletion of high grade
reserves of oil, as cited in Chapter IV, or the reduction in the cost of gas
expected after the introduction of natural gas to New England next year, were
24Officers of the Town of Concord, Massachusetts, Annual Report, 1950,
p. 101.
2 5 Stated by Vierner Gumpertz, op. cit.
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not regarded by the Conantum Realty Trust as tangible factors in the selec-
tion of furnaces for the houses of Conantum. 26
Circulation System
The design of the roads as to width of paved way, depth of gravel
foundation, and width of right of way, are of more generous proportions than
originally estimated by New Towns, Inc. This is because the Town of Concord's
Planning Board required the roads to be constructed to standards equal to
those of the Town's roads, regardless of whether the roads were to remain
private or be accepted by the Town.
The layout of the roads was the second important factor in the devel-
opment of the site plan after that of avoiding land unsuitable for individual
sewage disposal systems. Since grades in excess of 10% would be unacceptable
to the Town, the layout finally adopted is an adjustment to the cost of exten-
sive excavating and grading. In the original scheme shown in Figure 15, the
roadway is shown following certain steep slopes. In the final scheme, shown
in Figure 16, roadways are moved onto more level ground. Two circles are
added to Holden Lane to serve four additional lots, Heath's Bridge Road is
terminated with a circle at lot 106, and a narrow path connects this circle
to Sudbury Road for emergency access to the development.
26Ibid.
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Chapter VI
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Chapter VI
CONCLUSIONS
It has been said that a problem properly stated is half solved. It
is my belief that this paper will contribute toward the solution of the
various problems of utilities supplies for housing by bringing them together
camprehensively for inspection. The general conclusions that may be drawn
from this analysis follow.
The type of utilities supplies available for housing has always influ-
enced the character and quality of housing. Where the more desirable loca-
tions for housing, with reference to utilities, have been limited, the best
sites have been exploited by people with the greatest means. Changes in the
standards of service desired and technological developments have altered the
desirability of locations, and today faulty utilities services are regarded
as technical problems. That all housing must receive desirable service and
technical solutions must be adequate to this task is a comparatively new
attitude.
The functions of a dwelling for which utility supplies and their con-
nected equipment are needed are not wholly dependent on this equipment for
satisfactory fulfillment. The development of design criteria to satisfy
these functions can not be made through consideration of utilities supplies
alone, but must give due regard to the dwelling structure, location, and the
habits and desires of the occupants.
If the cost of utilities supplies can be used as an index of diffi-
culty in achieving satisfactory utility service, then the service to large
cities and small communities offers the greatest problems. The large cities,
however, seem to have the best prospect of finding solutions. The total cost
136
of the utilities includes the cost of utilities serving individual dwelling
units and other municipal costs that can not be assigned to individual units.
The relation of these costs varies with the density of the housing develop-
ment, but the total cost is least for densities somewhat greater than three
dwellings per acre.
Technical problems in the supply of utilities properly include prob-
lems of administration, city and regional planning, and political area sub-
divisions, as well as mechanical problems in the operation of utilities sup-
plies systems. In the large metropolitan areas the existence side by side of
the problems of very large cities and very small communities is a result of
faulty planning and administration, rather than inadequate technical know-
ledge. In rural areas the techniques which can provide satisfactory service
to isolated dwellings involve costs which are beyond the means of most of the
inhabitants of these areas. It is in this sphere that additional technical
development is urgently needed.
In general it seems that changes or improvements in the utilities sup-
plies of housing follow a development in the home or fulfill an established
need.
Present trends in the evolution of the equipnent in the home seem to
favor adoption of electricity for all energy consuming tasks. The national
fuel situation appears to favor this trend.
Garbage and refuse disposal problems are neglected or badly solved
more often than other problems considered in this paper. The study of Con-
antum indicated that even in an honest attenpt to provide a well planned
housing project, disposal facilities were neglected. Garbage and refuse
disposal require most inmediate research and development because satisfactory
- 1-00 - M 'W"M-'
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technical solutions are entirely lacking. This conclusion is of course
based on acceptance of the conservationist's dim view of incineration dis-
posal methods.
It is with the feeling that the study hereby documented will be of
value in future studies toward the rationalization of the mechanical equip-
ment in houses, that I conclude this paper.
138
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